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CHAPTER I  
INTRODUCTION
PURPOSE
F i v e  p r i m a r y  o b j e c t i v e s  p r o v i d e d  d i r e c t i o n  f o r  t h i s  s t u d y :
1 .  To map t h e  s t r u c t u r a l  g e o l o g y  o f  t h e  S m a l l  Horn  Canyon a r e a .
2 .  To c o l l e c t  s t r u c t u r a l  d a t a .
3 .  To u s e  map r e l a t i o n s h i p s  and  a n a l y s i s  o f  s t r u c t u r a l  d a t a  t o
i n f e r  t h e  s u b s u r f a c e  s t r u c t u r e .
4 .  To d e t e r m i n e  t h e  t e c t o n i c  h i s t o r y  i n d i c a t e d  by t h e  o b s e r v e d  and
i n f e r r e d  s t r u c t u r e .
5 .  To r e l a t e  t h e  s t r u c t u r e  a n d  t e c t o n i c  h i s t o r y  o f  t h e  s t u d y  a r e a
t o  t h e  s t r u c t u r e  and  t e c t o n i c  h i s t o r y  o f  t h e  r e g i o n .
LOCATION
The s t u d y  a r e a  l i e s  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  B l a c k t a i l  Range  
i n  s o u t h w e s t e r n  M o n t a n a ,  16km s o u t h  o f  D i l l o n  ( F i g u r e  1 ) .  The a r e a  
mapped f o r  t h i s  s t u d y  l i e s  i n  a n d  a d j a c e n t  t o  S m a l l  Horn  Canyon and  t h e  
S h e e p  C r e e k  d r a i n a g e ,  t o t a l l i n g  a p p r o x i m a t e l y  21 s q . km ( P l a t e  1 ) .  
T h i s  a r e a  c e n t e r s  on  4 5 ° 4 '  N L a t i t u d e  and  112 °4 0 ' '  W L o n g i t u d e .
ACCESS
The U . S .  B u r e a u  o f  Land Management o c c a s i o n a l l y  m a i n t a i n s  t h e  d i r t  
r o a d  i n  S m a l l  Horn  Canyon f o r  t i m b e r  a c c e s s .  P r i m a r i l y ,  t h o u g h ,  l o c a l  
r a n c h e r s  u s e  i t  a s  a  s t o c k  d r i v e w a y  a n d  a c c e s s  t o  summer r a n g e  t o  t h e
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s o u t h .  O t h e r  a c c e s s  t o  t h e  a r e a  i n c l u d e s  a  p r i m i t i v e  r o a d  w h i c h  l e a v e s  
t h e  S m a l l  Horn  Canyon  r o a d  n e a r  t h e  m o u th  o f  t h e  c a n y o n ,  f o r d s  S m a l l  
H o rn  C r e e k ,  a n d  f o l l o w s  t h e  B l a c k t a i l  f r o n t  s o u t h e a s t w a r d  t o  t h e  
C o n n o v e r  Ranch  on  S h e e p  C r e e k .  N e a r  t h e  h a l f w a y  p o i n t  b e t w e e n  S m a l l  
Horn  Canyon a n d  S h e e p  C r e e k ,  a n o t h e r  p r i m i t i v e  r o a d  t u r n s  o f f  t o  t h e  
s o u t h w e s t  p r o v i d i n g  a c c e s s  t o  a  s t o c k  pond  a n d  s t o c k  w a t e r i n g  t a n k s  i n  
t h e  v i c i n i t y  o f  Dry  H i l l .
METHODS
F i e l d  Work *
F i e l d  work  i n c l u d e d  two d a y s  o f  p r e l i m i n a r y  r e c o n n a i s s a n c e  m ap p in g  
d u r i n g  t h e  summer o f  1 9 7 9 ,  d e t a i l e d  m a p p in g  d u r i n g  J u l y  o f  1 9 8 0 ,  and 
r e g i o n a l  r e c o n n a i s s a n c e  i n t e r m i t t e n t l y  t h r o u g h o u t  A u g u s t  and  S e p t e m b e r  
o f  1 9 8 0 .
The m a p p in g  i n v o l v e d  d e l i n e a t i n g  a n d  i d e n t i f y i n g  m a p p a b l e  u n i t s ,  
r e c o r d i n g  s p a t i a l  r e l a t i o n s h i p s  a n d  n a t u r e  o f  c o n t a c t s  b e t w e e n  u n i t s ,  
a n d  m e a s u r i n g  and  r e c o r d i n g  o r i e n t a t i o n s  o f  l i n e a r  and  p l a n a r  
s t r u c t u r e s .
I  m apped  on  U . S .  G e o l o g i c a l  S u r v e y  t o p o g r a p h i c  b a s e  maps ( 1 : 2 4 , 0 0 0 )  
a n d  p a n c h r o m a t i c  a e r i a l  p h o t o g r a p h s  o f  t h e  same a p p r o x i m a t e  s c a l e  t a k e n  
by  t h e  A g r i c u l t u r a l  S t a b i l i z a t i o n  and  C o n s e r v a t i o n  S e r v i c e  i n  1 9 6 5 .  I  
p l o t t e d  s t r u c t u r e s  a n d  c o n t a c t s  on  b o t h  t h e  maps and  p h o t o g r a p h s ,  b u t  
r e c o r d e d  s t a t i o n s  o n l y  on  t h e  p h o t o g r a p h s ,  e x c e p t  i n  t h e  w e s t e r n m o s t  
p o r t i o n  o f  t h e  a r e a  f o r  w h i c h  I  h a d  no  p h o t o g r a p h i c  c o v e r a g e .  I
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r e c o r d e d  s t r u c t u r a l  a t t i t u d e s  b o t h  o n  t h e  map an d  i n  t h e  f i e l d  n o t e b o o k ,  
a n d  m e a s u r e d  o r i e n t a t i o n s  o f  l i n e a r  a n d  p l a n a r  s t r u c t u r e s  u s i n g  a  
B r u n t o n  co m p ass  an d  S u u n to  c l i n o m e t e r .  F o r  m e a s u r i n g  t h e  s t r a t i g r a p h i e  
s e c t i o n  i n c l u d e d  i n  A p p e n d ix  B, I  u s e d  a  s t e e l  t a p e  t o  d e t e r m i n e  s l o p e  
d i s t a n c e s ,  t h e n  c a l c u l a t e d  t h e  t h i c k n e s s e s  p e r p e n d i c u l a r  t o  b e d d i n g .  1 
d e t e r m i n e d  s l o p e  d i s t a n c e s  f o r  o t h e r  u n i t s  by  p a c i n g .
S t r u c t u r a l  A n a l y s i s
E q u a l  a r e a  p r o j e c t i o n s  o f  l i n e a r  an d  p l a n a r  o r i e n t a t i o n s  o f  
s t r u c t u r a l  f e a t u r e s  p r o v i d e d  a  m ean s  f o r  s t a t i s t i c a l l y  a n a l y z i n g  
s t r u c t u r a l  d a t a .  To f a c i l i t a t e  c o n s t r u c t i o n  and  a n a l y s i s  o f  e q u a l  a r e a  
p r o j e c t i o n s ,  I  u s e d  a  c o m p u t e r  p r o g r a m  ( A p p e n d ix  A) t o  p l o t  p i - d i a g r a m s  
a n d  c o n t o u r  p o i n t  d e n s i t y  u s i n g  a  CALCOMP p l o t t e r .
Much o f  t h e  s t r u c t u r a l  a n a l y s i s  i n v o l v e d  c o n s t r u c t i o n  o f  s t r u c t u r a l  
c r o s s - s e c t i o n s  t o  f i t  t h e  a t t i t u d e s  and  u n i t  r e l a t i o n s h i p s  mapped on  t h e  
s u r f a c e .  P a l i n s p a s t i c  r e c o n s t r u c t i o n  o f  c r o s s - s e c t i o n  B -B '  ( F i g u r e  2)  
h e l p e d  t o  d e t e r m i n e  t h e  o r d e r  o f  e v e n t s ,  o r i e n t a t i o n  o f  s t r e s s e s  and  
f e a t u r e s  t h r o u g h  t i m e ,  and  t h e  am ount  o f  h o r i z o n t a l  s h o r t e n i n g  r e s u l t i n g  
f r o m  f o l d i n g  and  f a u l t i n g .  A n a l y s i s  and  p r o j e c t i o n  o f  f e a t u r e s  i n  b o t h  
t h e  s t r u c t u r a l  c r o s s - s e c t i o n s  a n d  p a l i n s p a s t i c  r e c o n s t r u c t i o n  r e s u l t e d  
i n  r e c o g n i t i o n  o f  t h e  n o r t h e a s t e r n  t r a c e  o f  t h e  l i s t r i c  n o r m a l  f a u l t  and  
i t s  c o n n e c t i o n  w i t h  t h e  S m a l l  H orn  t h r u s t .










Figure 2. S truc tura l  c r o s s - s e c t i o n s  A-A' and B-B", and p a l i n s p a s t i c  
r e c o n s tr u c t io n  o f  c r o s s - s e c t i o n  B-B' to  accompany the  g e o lo g ics   e  i l>h », » l > ~ u  »,«j
map o f  the  Small Horn Canyon area ( P la t e  1 ) .
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I  p l o t t e d  t h e  l o c a t i o n  o f  t h e  S m a l l  Horn  t h r u s t  a t  t h r e e  p o i n t s  
a l o n g  t h e  g r o u n d  s u r f a c e  i n  c r o s s - s e c t i o n  B - B " , t h e n  u n f o l d e d  and  
u n f a u l t e d  t h e  c r o s s - s e c t i o n  u s i n g  t h e  P e r m o - T r i a s s i c  b o u n d a r y  a s  a  
r e f e r e n c e  p l a n e  a n d  a s s u m i n g  t h a t  u n i t  t h i c k n e s s e s  do  n o t  c h a n g e  
s i g n i f i c a n t l y  w i t h i n  t h e  s t u d y  a r e a .  T h i s  p r o d u c e d  s i x  p o i n t s  o f  known 
s t r a t i g r a p h i e  e l e v a t i o n  w h i c h  d e t e r m i n e d  two c u r v e d  f a u l t  s u r f a c e s ,  b o t h  
h a v i n g  a  s e n s e  o f  c u r v a t u r e  o p p o s i t e  t h a t  o b s e r v e d  i n  t h e  p r e s e n t  
c r o s s - s e c t i o n  B - B " .  The s e n s e  o f  c u r v a t u r e  i n d i c a t e s  t h a t  some m i l d  
f o l d i n g  o f  t h e  s t r a t a  t o o k  p l a c e  p r i o r  t o  t h r u s t i n g .
I n  p r o j e c t i n g  t h e  u p p e r  f a u l t  s u r f a c e  n o r t h e a s t w a r d ,  I  f o u n d  t h a t  
i t  i n t e r s e c t e d  t h e  s u r f a c e  a t  t h e  c o n t a c t  b e t w e e n  t h e  Q u a d r a n t  F o r m a t i o n  
a n d  t h e  M i s s i s s i p p i a n  r o c k s  b e l o w .  A q u a r t z  v e i n  i n j e c t e d  b e t w e e n  t h e s e  
two u n i t s  c l e a r l y  m a r k s  t h e  c o n t a c t  i n  t h e  f i e l d .  U n i t  r e l a t i o n s h i p s  
a l o n g  t h i s  f a u l t  s u r f a c e  i n  c r o s s - s e c t i o n  B-B" i n d i c a t e  n o r m a l  
d i p - s e p a r a t i o n  m o v e m e n t ,  w h i l e  i n  c r o s s - s e c t i o n  A - A " , one  p o r t i o n  o f  t h e  
f a u l t  shows o n l y  t h r u s t  m o v e m e n t ,  a n o t h e r  o n l y  n o r m a l  m ovem en t ,  and  y e t  
a n o t h e r  shows a l t e r n a t e  t h r u s t  an d  n o r m a l  movement w i t h  t h e  amount o f  
n o r m a l  s l i p  e x c e e d i n g  t h e  am ount  o f  s l i p  d u e  t o  t h r u s t i n g .
I  f u r t h e r  p r o j e c t e d  t h e  p o s i t i o n  o f  t h e  u p p e r  f a u l t  s u r f a c e  i n  
c r o s s - s e c t i o n  A-A" b a s e d  on  t h e  o r i e n t a t i o n  o f  t h i s  s u r f a c e  i n  
c r o s s - s e c t i o n  B -B " .  The p r o j e c t e d  i n t e r s e c t i o n  o f  t h i s  f a u l t  w i t h  t h e  
g r o u n d  s u r f a c e  t o  t h e  n o r t h e a s t  c o r r e s p o n d s  w i t h  a  s i l i c i f i e d  b r e c c i a  
w i t h i n  t h e  Q u a d r a n t  F o r m a t i o n .
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CHAPTER I I  
STRATIGRAPHY
STRATIGRAPHIC COLUMN
F i g u r e  3 shows t h e  u n i t s  u s e d  i n  m a p p in g  t h e  S m a l l  Horn  Canyon a r e a  
a n d  b r i e f  d e s c r i p t i o n s  u s e d  t o  d i s t i n g u i s h  t h e s e  u n i t s  i n  t h e  f i e l d .  
F u r t h e r  d e s c r i p t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n  an d  v o l c a n i c  r o c k s  
f o l l o w s  l a t e r  i n  t h i s  c h a p t e r .
STRATIGRAPHIC PROBLEMS
P r o b l e m s  w i t h  s t r a t i g r a p h y  h a v e  p r e v i o u s l y  m ask ed  much o f  t h e
s t r u c t u r e  o f  t h e  n o r t h e r n  B l a c k t a i l  R a n g e .  C o n v e r s e l y ,  p r e v i o u s
p r o b l e m s  w i t h  t h e  s t r u c t u r e  i n  t h i s  a r e a  h a v e  l e d  t o  f u r t h e r  p r o b l e m s
w i t h  t h e  s t r a t i g r a p h y .
Rocks  w i t h i n  t h e  s t u d y  a r e a  p r e v i o u s l y  mapped a s  T h a y n e s  F o r m a t i o n  
c o n s i s t  o f  p o r t i o n s  o f  t h e  D inw oody ,  M o r r i s o n  a n d  B e a v e r h e a d  F o r m a t i o n s .  
No d i s t i n c t  T h a y n e s  l i t h o l o g y  a p p e a r s  i n  t h i s  a r e a .  L o w e l l  c o r r e c t e d  
p a r t  o f  t h e  p r o b l e m  b y  i d e n t i f y i n g  t h e  l i m e s t o n e  u n i t  o f  t h e  B e a v e r h e a d  
F o r m a t i o n  ( L o w e l l  a n d  K l e p p e r ,  1 9 5 3 )  p r e v i o u s l y  mapped a s  T h a y n e s  
F o r m a t i o n .  M annion  ( 1 9 4 8 ) ,  B e a r d  ( 1 9 4 9 ) ,  an d  Keenmon ( 1 9 5 0 )  mapped t h e  
r e p e a t e d  s e c t i o n  o f  Dinwoody F o r m a t i o n  a b o v e  t h e  w e s t e r n m o s t  t r a c e  o f  
t h e  S m a l l  H orn  t h r u s t  a s  T h a y n e s  F o r m a t i o n .  T h i s  p r o d u c e d  a p r o p o s e d  
t o t a l  t h i c k n e s s  f o r  t h e  T r i a s s i c  s e c t i o n  o f  395m t o  425m, t w i c e  t h e  
t h i c k n e s s  m e a s u r e d  i n  t h i s  s t u d y .  The s e c t i o n  d e s c r i b e d  a s  T h a y n e s
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P e r io d L ith o lo g y
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b as in  fill
T e r tia ry  
v o lc a n ic  r o c k s
BEAVERHEAD
COLORADO GROUP 
g a s tro p o d  Is
t4 >per sh a le
m id d le  is
MORRISON
PHOSPHORIA
q u a d r a n t
undtf fe re n t lo t ed  
M ississippion age  
UfWtS
D e s c r ip t io n
U n co n so lid a ted  b as in  f ill s e d im e n ts
M a ro o n  to  p w p ie  a n d e s i te  f lo w s  a n d  g ra y  t o  w h i t e  rh y o tite  t o  
d a c i te  tu f f s
L im e s tc K ie -a n d  q u a r t z i t e - c l a s t  c o n g k x n e ra te  
M assive Aid oncoiitic  lim es to n e
L im e s to n e -  and c h e r t - c la s t  c o n g lo m e ra te , sand sto n e , and  s ills to n e .
B row n  to  ta n  san d s to n e s , c a lc a re o u s  s ilts to n es , an d  sh a le s.
W hite, y a %  to  ta n  g a s tro p o d ; o s t r a c o d  and  p e ie c y p o d -b e a r in g  lim es to n e
Red, gray, and  t^ o w n  s h a le s  w ith  m inor s ^ t  an d  pep p e r s a n d s to n e
F in e  g ra in  g ray  lim e s to n e  w ith  m ino r g r a y  sh a le s
S a it and  p e w e r  g r a y  an d  w h ite  s ^ id s tw ie
V a r ie g a te d  m u d s to n e , s ir ts to n e  and  ta n  c a r tx y ia te  sandstone .
C la ra ia  z o n e  w ith  m o t t le d  c re a m  to  w h ite  lim es to n e  w e a th e r in g  light g ra y  
F o ss ii ife ro u s . r e d - b r o w n  s ii ty  h m e s tc e ie  a n d  c a lc a r e o u s  s i i t s to n e
Ye/lowish b ro w n  s i i t s to fw s  and  s h a le s
u X rin o fd  coqu ina
P h o sp h a tic  orl s h a le>-------------------
g r a y i s h  w h ite  c h e r t
B lue c h e r t
> P e c tir t-b e a rm g  b ro w n -g r a y  q u a r t 2 ite
• S a lt an d  p ep p e r  g ra y  s a n d s to n e
• T a n -b ro w n  s a n d s to n e ,
' T a n -b ro w n  s a n d s to n e ___________ _
W h ite , c r o s s - b e d d e d  q u a r t z i t e  a n d  c a lc a re C K J S  s a n d s t o n e
—  No o u tc ro p  w ith in  th e  s tu d y  a r e a  -
Light b ro w n  to  g ra y , fo s s i l-b e a rin g  le n e s tc n e  w ith  c h e r t  pods
cry sta lline
b osem en t
S e v e re ly  w e a t h e r e d ,  fo lia te d , ye llow  a n d  tx o w n  s ta in e d , 
q u a r tz o fe id s p a th ic  g n e iss
Figure 3.  S t r a t ig r a p h ie  column and key t o  the g e o lo g i c  map o f  the  
Small Horn Canyon area ( P la t e  1 ) .
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F o r m a t i o n  by  Keenmon ( 1 9 5 0 )  i n  S e c t i o n  22 j u s t  s o u t h  o f  t h e  s t u d y  a r e a  
i n c l u d e s  t h e  l o w e r  52m o f  t h e  M o r r i s o n  F o r m a t i o n  an d  t h e  u p p e r  141m o f  
t h e  Dinwoody F o r m a t i o n .  As a  r e s u l t  o f  t h i s  d i v i s i o n ,  Keenmon r e p o r t e d  
o n l y  55m o f  Dinwoody F o r m a t i o n  a t  t h i s  l o c a t i o n ,  w h i l e  t h i c k n e s s e s  
m e a s u r e d  n e a r b y  r e m a i n  c o n s i s t e n t l y  b e t w e e n  180m an d  215m (Keenmon,  
1 9 5 0 ;  S c h o l t e n ,  1 9 5 0 ;  M o r i t z ,  1 9 5 1 ) .  The s e c t i o n  o f  t h e  M o r r i s o n  
F o r m a t i o n  d e s c r i b e d  by  Keenmon a t  t h i s  same l o c a t i o n  l i k e w i s e  i n c l u d e s  
p a r t s  o f  two f o r m a t i o n s ,  t h e  M o r r i s o n  and  K o o t e n a i  (A p p e n d ix  B ) .
M ann ion  ( 1 9 4 8 )  and  B e a rd  ( 1 9 4 9 )  mapped  t h e  Q u a d r a n t  a n d  Amsden 
f o r m a t i o n s  t o g e t h e r  a s  one  u n i t .  C om b in in g  t h e s e  u n i t s  m asked  t h e  
s t r a t i g r a p h i e  e v i d e n c e  f o r  t h e  l i s t r i c  n o r m a l  f a u l t  i n  S e c t i o n  1 2 .
BEAVERHEAD FORMATION
Due t o  t h e  c o m p le x  i n t e r f i n g e r i n g  o f  u n i t s  w i t h i n  t h e  B e a v e r h e a d  
F o r m a t i o n ,  a c c u r a t e  c o r r e l a t i o n  o f  t h e s e  u n i t s  w i t h  t h o s e  u s e d  by  o t h e r  
w o r k e r s  ( R y d e r ,  1 9 6 8 ;  R y d e r  and  A m es , 1 9 7 0 ;  R y d e r  and  S c h o l t e n ,  1 9 7 3 ;  
W i l s o n ,  1 9 6 7 ,  1 9 7 0 )  w i l l  r e q u i r e  e x t e n s i v e  work  t h r o u g h  t h e  Red Rock
H i l l s ,  C l a r k  C an y o n ,  and  t h e  w e s t e r n  p o r t i o n  o f  t h e  B l a c k t a i l  R a n g e .  I  
h a v e  a t t e m p t e d  no  s u c h  c o r r e l a t i o n  i n  t h i s  s t u d y .  I n s t e a d ,  I  h a v e  
d i v i d e d  t h e  B e a v e r h e a d  F o r m a t i o n  i n t o  t h r e e  u n i t s  d i s t i n g u i s h a b l e  i n  
t h i s  a r e a .
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Lower C o n g l o m e r a t e  U n i t
T h i s  u n i t  c o n s i s t s  o f  a t  l e a s t  50m o f  g r a y  t o  r e d  l i m e s t o n e  a n d  
c h e r t  c l a s t  c o n g l o m e r a t e ,  s a n d s t o n e ,  a n d  s i l t s t o n e .  A w ide  v a r i e t y  o f  
a l l u v i a l  a n d  c o l l u v i a l  f e a t u r e s  a p p e a r  t h r o u g h o u t  t h i s  u n i t  i n c l u d i n g  
c h a n n e l ,  m u d f l o w ,  a n d  t a l u s  b r e c c i a .  C l a s t s  v a r y  i n  s h a p e  f r o m  a n g u l a r  
t o  r o u n d e d  a n d  r a n g e  up  t o  3m i n  s i z e .  C l a s t  d e r i v e d  f r o m  M i s s i s s i p p i a n  
c a r b o n a t e  u n i t s  make  up  m o s t  o f  t h e  c o n g l o m e r a t e  a l t h o u g h  r e c o g n i z a b l e  
p a r e n t  l i t h o l o g i e s  r a n g e  f r o m  a t  l e a s t  C am b r ia n  t o  T r i a s s i c  i n  a g e .  The 
m a t r i x  c o n s i s t s  o f  c a r b o n a t e ,  q u a r t z ,  an d  c h e r t  s a n d  g r a i n s  w i t h  
c a r b o n a t e  an d  c l a y  c e m e n t .  H e m a t i t e  s t a i n i n g  p r e d o m i n a t e s  i n  t h e  
s i l t s t o n e s  a n d  c o n g l o m e r a t e s  c o n t a i n i n g  c l a y  c e m e n t .
L i m e s t o n e  U n i t
T h i s  u n i t  c o n s i s t s  o f  f i n e - g r a i n ,  g r a y  t o  l i g h t - b r o w n  l i m e s t o n e  
commonly com posed  o f  o n c o l i t h s  up  t o  6cm i n  d i a m e t e r .  The o n c o l i t h s  
commonly c o n t a i n  c o r e s  o f  s i n g l e  o r  a g g r e g a t e  c h e r t  o r  q u a r t z  g r a i n s .  
Many o f  t h e  o n c o l i t h s  h a v e  b r o k e n  s u r f a c e s  e n c l o s e d  i n  l a t e r  
c o n c r e t i o n a r y  l a y e r s .  The l o w e r  b o u n d a r y  o f  t h i s  u n i t  g r a d e s  f r o m  t h e  
l i m e s t o n e  c l a s t  c o n g l o m e r a t e  o f  t h e  u n i t  b e l o w  i n t o  a  m i x t u r e  o f  
l i m e s t o n e  c l a s t s  an d  o n c o l i t h s ,  t h e n  f i n a l l y  i n t o  o n c o i i t i c  a n d  m a s s i v e  
l i m e s t o n e .  E x p o s u r e s  i n  t h i s  a r e a  r e v e a l  a  maximum t h i c k n e s s  o f  20m.
L o w e l l  a n d  K l e p p e r  ( 1 9 5 3 )  s u g g e s t e d  t h a t  t h i s  u n i t  c o r r e l a t e s  w i t h  
t h e  l i m e s t o n e  member o f  t h e  B e a v e r h e a d  F o r m a t i o n  a t  t h e  t y p e  s e c t i o n  i n  
M cK nigh t  Canyon i n  t h e  Tendoy  R a n g e .  A l t h o u g h  s u c h  a  c o r r e l a t i o n  seems
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
r e a s o n a b l e ,  t h e  g r e a t  d i s t a n c e s  b e t w e e n  known e x p o s u r e s  l e a v e s  a shadow 
o f  u n c e r t a i n t y .
U p p e r  C o n g l o m e r a t e  U n i t
The l o w e r  p o r t i o n  o f  t h i s  u n i t  m a t c h e s  t h e  d e s c r i p t i o n  g i v e n  
p r e v i o u s l y  f o r  t h e  l o w e r  c o n g l o m e r a t e  u n i t .  Up s e c t i o n ,  t h o u g h ,  t h e  
u n i t  g r a d e s  i n t o  a  m i x t u r e  o f  r o u n d e d  q u a r t z i t e  c o b b l e s  c o a t e d  w i t h  
s p e c u l a r  h e m a t i t e ,  a n d  s u b a n g u l a r  t o  r o u n d e d  c a r b o n a t e  c l a s t s  w i t h  a  
s a n d y ,  h e m a t i t e - s t a i n e d  m a t r i x .  F u r t h e r  up w ard  i n  t h e  s e c t i o n ,  
c a r b o n a t e  c l a s t s  d i s a p p e a r  a l t o g e t h e r ,  l e a v i n g  o n l y  t h e  q u a r t z i t e
c o b b l e s .  B a r e l y  r e c o g n i z a b l e  b e d d i n g  i n  t h i s  u n i t  shows t h a t  i t  e x c e e d s  
30m i n  t h i c k n e s s .
AGE OF THE BEAVERHEAD FORMATION
Yen ( i n  L o w e l l  an d  K l e p p e r ,  1 9 5 3 )  a s s i g n e d  a  P a l e o c e n e  o r  L a t e  
C r e t a c e o u s  a g e  t o  t h e  B e a v e r h e a d  F o r m a t i o n  on  t h e  b a s i s  o f
p o o r l y - p r e s e r v e d  g a s t r o p o d s  f o u n d  i n  t h e  s i l t s t o n e  member o f  t h e  
McKnight Canyon s e c t i o n .  T a n n e r  ( 1 9 6 3 )  a s s i g n e d  a  q u e s t i o n a b l e  L a t e  
C r e t a c e o u s  a g e  t o  t h e  l o w e r m o s t  p o r t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n  on  
t h e  b a s i s  o f  p a l y n o l o g i c a l  a n a l y s i s .  W i l s o n  ( 1 9 6 7 ,  1 9 7 0 )  r e p o r t e d
C a m p a n ia n  t o  L a t e s t  C r e t a c e o u s  a g e s  f r o m  p a l y n o l o g i c a l  a n a l y s i s .  He
a l s o  r e p o r t e d  a n  u p p e r m o s t  A l b i a n  a g e  f o r  t h e  A spen  F o r m a t i o n ,  mapped a s  
i m m e d i a t e l y  u n d e r l y i n g  t h e  B e a v e r h e a d  F o r m a t i o n  i n  t h e  L im a-M on ida  a r e a .  
R y d e r  ( 1 9 6 8 ;  R y d e r  and  Ames, 1 9 7 0 )  a s s i g n e d  a  L a t e  A l b i a n  t o  P a l e o c e n e
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a g e  t o  t h e  B e a v e r h e a d  F o r m a t i o n  o n  t h e  b a s i s  o f  p o l l e n  a n d  s p o r e  
a s s e m b l a g e  a n a l y s e s .
W i l s o n  ( 1 9 6 7 ,  1 9 7 0 )  n o t e d  t h a t  a  s a m p l e  w h i c h  he  d a t e d  a s  C am pan ian  
r e p o r t e d l y  l i e s  l o w e r  s t r a t i g r a p h i c a l l y  t h a n  t h e  s a m p le  w h i c h  R y d e r  
a s s i g n e d  a n  A l b i a n  d a t e .  He s u g g e s t e d  t h a t  t h e  s a m p l e  a n a l y z e d  by  R y d er  
may h a v e  a c t u a l l y  come f r o m  t h e  u p p e r m o s t  p o r t i o n s  o f  t h e  A sp en  
F o r m a t i o n  r a t h e r  t h a n  t h e  B e a v e r h e a d  F o r m a t i o n  a s  r e p o r t e d .  B o th  W i l s o n  
a n d  R y d e r  r e p o r t e d  a  g r a d a t i o n a l  c o n t a c t  b e t w e e n  t h e  A spen  an d  
B e a v e r h e a d  f o r m a t i o n s  a t  t h i s  l o c a l i t y .  W i t h o u t  some s u c h  s t r a t i g r a p h i e  
a d j u s t m e n t ,  t h e s e  a n a l y s e s  p r o v i d e  a  b a f f l i n g  e n i g m a .  The d i s a g r e e m e n t  
l e a v e s  t h e  A l b i a n  a g e  a s s i g n m e n t  v e r y  much i n  q u e s t i o n .  R y d er  a l s o  
r e p o r t e d  t h a t  a s  much a s  30% o f  t h e  f l o r a l  a s s e m b l a g e s  r e p r e s e n t e d  
r e w o r k e d  C a r b o n i f e r o u s  f o r m s .  T h i s  p r e s e n t s  t h e  p o s s i b i l i t y  t h a t  t h e  
A l b i a n  f o r m s  may i n d i c a t e  i n c o r p o r a t i o n  o f  r e w o r k e d  s p o r e s  and  p o l l e n s  
i n  t h e  B e a v e r h e a d  F o r m a t i o n .
R y d e r  b a s e d  h i s  P a l e o c e n e  a g e  o f  t h e  B e a v e r h e a d  F o r m a t i o n  on  two 
p o i n t s :  t h e  o c c u r a n c e  o f  A q u i l a p o l l e n i t e s  s p .  an d  t h e  e x i s t e n c e  o f  610m
o f  c o n g l o m e r a t e  a b o v e  t h e  h i g h e s t  d a t e d  s t r a t a .  The s t r a t i g r a p h i e  
r a n g e s  o f  A q u i l a p o l i e n  i t e s  s p .  a n d  o t h e r  p o l l e n  a s s e m b l a g e s  a s  p r e s e n t e d  
by R y d e r  ( 1 9 6 8 )  and  R y d e r  an d  Ames ( 1 9 7 0 ) ,  h o w e v e r ,  do n o t  e x t e n d  t h e s e  
f o r m s  i n t o  P a l e o c e n e  t i m e  ( R y d e r  and  Ames, 1 9 7 0 ,  p .  1 1 6 6 ) .  A l t h o u g h  
R y d e r  a n d  S c h o l t e n  ( 1 9 7 3 )  a g a i n  e x t e n d  d e p o s i t i o n  o f  t h e  B e a v e r h e a d  
F o r m a t i o n  i n t o  P a l e o c e n e  t i m e ,  a  f o o t n o t e  i n  t h a t  a r t i c l e  ( p .  7 8 3 )  
i n d i c a t e s  t h a t  Newman ( 1 9 6 9 ,  o r a l  c o m m u n i c a t i o n  i n  R y d e r  a n d  S c h o l t e n ,
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1 9 7 3 )  p r e f e r r e d  a  L a t e  C r e t a c e o u s  a g e  f o r  A q u i l a p o l i e n  i t e s  s p . ,  a n d  
T s c h u d y  a n d  L e o p o l d  ( 1 9 7 0 )  r e s t r i c t  t h e  r a n g e  t o  C am pan ian  and  
M a a s t r i c h t i a n  a g e s .  The a d d i t i o n a l  610m o f  c o n g l o m e r a t e  a b o v e  t h e  
o c c u r a n c e  o f  A q u i l a p o l i e n i t e s  s p .  o f f e r s  o n l y  p e r m i s s i v e  e v i d e n c e  f o r  
P a l e o c e n e  d e p o s i t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n .  I t  seems r e a s o n a b l e  
t h a t  t h e  r a t e  o f  d e p o s i t i o n  o f  a  s y n t e c t o n i c  u n i t  w o u ld  i n c r e a s e  a s  t h e  
t h r u s t  s o u r c e  m i g r a t e s  t o w a r d  i t ,  r e a c h i n g  i t s  h i g h e s t  r a t e  o f  
d e p o s i t i o n ,  p e r h a p s ,  j u s t  p r i o r  t o  b e c o m in g  o v e r r i d d e n  by  t h e  t h r u s t .  
Such  a  s y s t e m  w o u ld  n o t  r e q u i r e  a  l o n g  p e r i o d  o f  t i m e  f o r  d e p o s i t i o n  o f  
g r e a t  t h i c k n e s s e s  o f  c o n g l o m e r a t e ,  and  t h e r e f o r e  n o t  r e q u i r e  d e p o s i t i o n  
o f  t h e  B e a v e r h e a d  F o r m a t i o n  t o  c o n t i n u e  i n t o  P a l e o c e n e  t i m e .
Due t o  t h e  l a c k  o f  p o s i t i v e  e v i d e n c e  f o r  P a l e o c e n e  d e p o s i t i o n ,  t h e  
a m b i g u i t y  o f  t h e  A l b i a n  a g e  a s s i g n m e n t ,  a n d  t h e  w e a l t h  o f  a n a l y s e s  
d e m o n s t r a t i n g  L a t e  C r e t a c e o u s  a g e s ,  I  c o n c l u d e  t h a t  t h e  e v i d e n c e  o n l y  
i n d i c a t e s  t h a t  d e p o s i t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n  t o o k  p l a c e  d u r i n g  
t h e  L a t e  C r e t a c e o u s .
VOLCANIC ROCKS
V o l c a n i c  r o c k s  i n  t h i s  a r e a  c o n s i s t  p r i m a r i l y  o f  a  f a i n t l y  
f l o w - b a n d e d ,  m aro o n  t o  p u r p l e ,  f e r r o - p a r g a s i t i c  h o r n b l e n d e - b i o t i t e  
a n d e s i t e  e x p o s e d  o n  t h e  h i l l  i n  t h e  N 1 / 2  S e c t i o n  12 and  S 1 / 2  S e c t i o n  
1 ,  a n d  m i n o r  v a r i e g a t e d  r h y o l i t e  t o  d a c i t e  t u f f s  i n t e r b e d d e d  w i t h  t h e  
a n d e s i t e  f l o w s  i n  t h e  v a l l e y  c o i n c i d i n g  w i t h  t h e  a x i s  o f  t h e  U ppe r  Dry 
H i l l  s y n c l l n e  ( P l a t e  1 ) .  S i n c e  t h e s e  r o c k s  o v e r l y  t h e  B e a v e r h e a d
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F o r m a t i o n  and  do  n o t  show a n y  o f  t h e  f o l d i n g  o b s e r v e d  w i t h i n  t h e  
B e a v e r h e a d  F o r m a t i o n ,  I  h a v e  a s s i g n e d  th em  a  T e r t i a r y  a g e .  The 
f l o w - b a n d i n g  a n d  l a y e r i n g  o f  t h e  t u f f s  i n  t h e  v a l l e y  l i e  n e a r l y  
h o r i z o n t a l  i n  c o n t r a s t  t o  t h e  v e r t i c a l  t o  medium a n g l e  o r i e n t a t i o n s  o f  
f l o w - b a n d i n g  e x p o s e d  i n  r o c k s  on  t h e  h i l l .  T h i s  p a t t e r n  s u g g e s t s  t h a t  
t h e s e  v o l c a n i c  r o c k s  may h a v e  come f r o m  a  v e n t  i n  t h e  a r e a  o f  t h e  
v e r t i c a l  f l o w - b a n d i n g  e x p o s e d  on  t o p  o f  t h e  h i l l .  The p r o x i m i t y  o f  t h e  
f l o w s  t o  t h e  B l a c k t a i l  f a u l t  a l s o  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  t h e  
f a u l t  may h a v e  p r o v i d e d  t h e  zone  o f  w e a k n e s s  a l o n g  w h ic h  t h e  magma 
r e a c h e d  t h e  s u r f a c e .  T h i s  r e l a t i o n s h i p  i n  t u r n  w ou ld  i n d i c a t e  a  m ore  
r e s t r i c t e d  M io cen e  t o  R e c e n t  a g e  f o r  t h e s e  r o c k s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
CHAPTER I I I  
STRUCTURE
FOLDS
F o u r  m a j o r  f o l d s  d o m i n a t e  t h e  s t r u c t u r e  i n  t h e  s t u d y  a r e a  ( F i g u r e  
4 ) .  The U p p e r  Dry  H i l l  s y n c l i n e  i n v o l v e s  t h e  r o c k s  o f  t h e  B e a v e r h e a d  
F o r m a t i o n  w h i l e  t h e  o t h e r  t h r e e  f o l d s  o c c u r  o n l y  w i t h i n  u n i t s  o l d e r  t h a n  
t h e  B e a v e r h e a d  F o r m a t i o n .
C o n t o u r  d i a g r a m s  o f  p o l e s  t o  b e d d i n g  o f  t h e  p r e - B e a v e r h e a d  u n i t s  
r e f l e c t ,  i n  p a r t ,  t h e  g r e a t e r  am ount  o f  d a t a  a v a i l a b l e  f o r  t h e  
w e s t w a r d - d i p p i n g  l i m b s  ( F i g u r e  5 ) .  P o o r  e x p o s u r e  a l o n g  t h e  
e a s t w a r d - d i p p i n g  l i m b s  r e s u l t e d  i n  f e w e r  d a t a  p o i n t s ,  t h e r e f o r e  l o w e r  
p o i n t  d e n s i t y  f o r  t h e s e  l i m b s .
A l t h o u g h  a l l  f o u r  f o l d s  show t h e  same n o r t h w a r d  t r e n d ,  t h e  a x i a l  
p l a n e  o f  t h e  U p p e r  Dry  H i l l  s y n c l i n e  d i p s  s l i g h t l y  w e s tw a r d  w h i l e  t h e  
a x i a l  p l a n e s  o f  t h e  o t h e r  t h r e e  f o l d s  d i p  d i s t i n c t l y  e a s t w a r d .  
S t r u c t u r a l  d a t a  f r o m  t h e  B e a v e r h e a d  F o r m a t i o n  n o t  c o n t a i n e d  w i t h i n  t h e  
U pper  Dry  H i l l  s y n c l i n e  show t h e  same p a t t e r n  o f  s l i g h t l y  
w e s t w a r d - v e r g i n g  f o l d s ,  a l t h o u g h  t h e  f o l d s  t h e m s e l v e s  do n o t  p r e s e n t  any  
r e c o g n i z a b l e  fo rm  i n  t h e  f i e l d  d u e  t o  e r o s i o n a l  d i s s e c t i o n .  The more  
o p e n  f o l d s  w i t h i n  t h e  B e a v e r h e a d  F o r m a t i o n  i n d i c a t e  t h a t  i t  u n d e r w e n t  
l e s s  f o l d i n g  t h a n  t h e  p r e - B e a v e r h e a d  r o c k s .  The r e l a t i o n s h i p  b e t w e e n  
t h e  two s e t s  o f  f o l d s  s u g g e s t s  t h a t  t h e  e a s t w a r d - v e r g i n g  s e t  o f  f o l d s  
o b s e r v e d  w i t h i n  t h e  B e a v e r h e a d  F o r m a t i o n  o v e r l y  o r  r e f o l d  t h e  o l d e r




Figure 4. Index map o f  major s t r u c t u r e s  and l o c a t i o n s  o f
s tr u c tu r a l  f e a t u r e s  re feren ced  In the  t e x t .  For g r e a te r  
map d e t a i l  r e f e r  t o  P la te  I .
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A xia l plane N0° 56°E
Figure 5.  Contoured equal area n e t s  o f  p o le s  t o  bedding planes f o r  the  
four  major f o l d s  in  the study area .
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w e s t w a r d - v e r g i n g  f o l d s  i n  t h e  u n i t s  b e n e a t h .
The c o i n c i d e n c e  i n  t r e n d  o f  f o l d  a x e s  i n  t h e  B e a v e r h e a d  F o r m a t i o n  
a n d  i n  t h e  u n d e r l y i n g  u n i t s  s u g g e s t s  t h a t  a  s i n g l e  s t r e s s  s y s t e m  
p r o d u c e d  a l l  o f  t h e  f o l d i n g ,  a n d  t h a t  d e p o s i t i o n  o f  t h e  B e a v e r h e a d  
F o r m a t i o n  o c c u r r e d  d u r i n g  t h e  o n g o i n g  f o l d i n g  e v e n t .  L o w e l l  and  K l e p p e r  
( 1 9 3 3 )  f i r s t  n o t e d  t h e  s y n t e c t o n i c  n a t u r e  o f  t h e  B e a v e r h e a d  F o r m a t i o n ,  
a n d  l a t e r  w ork  by  o t h e r s  ( R y d e r  a n d  Ames, 1 9 7 0 ;  R y d e r  and  S c h o l t e n ,  
1 9 7 3 ;  W i l s o n ,  1 9 7 0 )  a l s o  s u p p o r t s  t h i s  i n t e r p r e t a t i o n .
FAULTS
S m a l l  H orn  T h r u s t
The S m a l l  H orn  t h r u s t  c o n s i s t s  o f  two c o n v e r g e n t  t h r u s t  p l a n e s  
w h i c h  c u t  c o n s i s t e n t l y  up  s e c t i o n  t o  t h e  w e s t  w i t h i n  t h e  s t u d y  a r e a ,  
c a u s i n g  r e p e t i t i o n  o f  t h e  Dinwoody F o r m a t i o n  on  t h e  w e s t  s i d e  o f  S m a l l  
H orn  C a n y o n .  W e l l - d e v e l o p e d  d r a g  f o l d s  ( F i g u r e s  6 a n d  7 ) ,  i n t e r p r e t e d  
a s  r e s u l t i n g  f r o m  w e s t w a r d - d i r e c t e d  s h e a r  p r e c e e d i n g  b r e a k a g e  a l o n g  t h e  
S m a l l  H orn  t h r u s t ,  c l e a r l y  i n d i c a t e  w e s t w a r d - d i r e c t e d  t h r u s t i n g  a l o n g  
t h i s  f a u l t .  F o l d i n g  o f  t h e  f a u l t  p l a n e  i t s e l f  i n d i c a t e s  t h a t  
d e f o r m a t i o n  c o n t i n u e d  a f t e r  t h r u s t i n g .  The o r i e n t a t i o n s  o f  t h e  d r a g  
f o l d  a x e s  c o r r e s p o n d  w i t h  t h e  a x e s  o f  t h e  m a j o r  f o l d s  i n  t h e  s t u d y  a r e a ,  
p r o v i d i n g  e v i d e n c e  t o  i n d i c a t e  a  common c a u s e  f o r  b o t h  f a u l t i n g  and  
f o l d i n g .
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Figure 6 .  Drag f o l d s  and minor t h r u s t s  developed w ith in  the Dinwoody 
Formation,  above th e  Small Horn t h r u s t  (Label 1 ,  Figure 4 ) .
W
Figure 7. Drag f o ld s  along the Small Horn t h r u s t  w i th in  the Phosphoria  
Formation (Label 2 ,  Figure 4 ) .
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The s t r u c t u r e  s e c t i o n  and  p a l i n s p a s t i c  r e c o n s t r u c t i o n  t h r o u g h  B -B '  
( F i g u r e  2 )  show a b o u t  2 2 0 0 '  (670m) o f  d i s p l a c e m e n t  o n  t h e  S m a l l  Horn  
t h r u s t ,  d i p p i n g  2 5 °  t o  3 0 °  e a s t w a r d  a t  t h e  t i m e  o f  t h r u s t i n g ,  p r o d u c i n g  
a b o u t  1 6 5 0 '  (505m) o f  h o r i z o n t a l  s h o r t e n i n g  p e r p e n d i c u l a r  t o  t h e  f o l d
a n d  t h r u s t  a x e s .  The t o t a l  amount  o f  h o r i z o n t a l  s h o r t e n i n g  a c r o s s  B -B '  
f r o m  t h e  w e s t e r n  l i m i t  o f  t h e  s e c t i o n  t o  t h e  t r a c e  o f  t h e  f a u l t  b e t w e e n  
t h e  Q u a d r a n t  F o r m a t i o n  an d  M i s s i s s i p p i a n  r o c k s  t o  t h e  e a s t  m e a s u r e s  
3 1 0 0 '  ( 9 4 5 m ) .  I f  t h e  t h r u s t i n g  a c c o u n t s  f o r  a p p r o x i m a t e l y  1 6 5 0 '  (505m)
o f  t h e  s h o r t e n i n g ,  t h e n  t h e  f o l d i n g  m u s t  a c c o u n t  f o r  a p p r o x i m a t e l y  1 4 5 0 '  
(440m) o f  s h o r t e n i n g .  T h i s  i n d i c a t e s  a  t o t a l  o f  a b o u t  21% h o r i z o n t a l  
s h o r t e n i n g  a c r o s s  t h i s  s e c t i o n .
L i s t r i c  N orm al  F a u l t
Â l i s t r i c  n o r m a l  f a u l t  i n  t h e  s o u t h  p o r t i o n  o f  S e c t i o n  2 h a s  p l a c e d  
t h e  b a s a l  s a n d  member o f  t h e  K o o t e n a i  F o r m a t i o n  down i n  c o n t a c t  w i t h  t h e  
Dinwoody F o r m a t i o n  ( l a b e l  3 ,  F i g u r e  4 ) .  T h i s  f a u l t  c o n n e c t s  w i t h  t h e  
u p p e r  f a u l t  p l a n e  o f  t h e  S m a l l  H orn  t h r u s t  ( A - A ' , F i g u r e  2 ) ,  and  shows 
l a t e r  b a c k s l i d i n g  o n  a  p r e v i o u s  t h r u s t  s u r f a c e  s i m i l a r  t o  t h a t  r e p o r t e d  
f o r  t h e  F l a t h e a d  f a u l t  ( B a l l y  an d  o t h e r s ,  1 9 6 6 ;  D a h l s t r o m ,  1 9 7 0 ) .  The 
f a u l t  t r a c e  e x t e n d s  s o u t h w a r d  t h r o u g h  a n  a r e a  w h e re  i t  c a u s e s  r e p e t i t i o n  
o f  b e d s  w i t h i n  t h e  P h o s p h o r i a  F o r m a t i o n  on  t h e  e a s t  l im b  o f  t h e  R e t o r t  
M o u n t a i n  a n t i c l i n e  ( l a b e l  4 ,  F i g u r e  4 ) .
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Due t o  l a t e r  f o l d i n g  an d  e r o s i o n ,  t h i s  f a u l t  r e a p p e a r s  a l o n g  t h e  
B l a c k t a i l  f r o n t  ( l a b e l  5 ,  F i g u r e  4 )  w h e re  i t  h a s  b r o u g h t  Q u a d r a n t  
F o r m a t i o n  down i n t o  c o n t a c t  w i t h  M i s s i s s i p p i a n  a g e  r o c k s ,  c o n c e a l i n g  t h e  
Amsden F o r m a t i o n  ( B - B " ,  F i g u r e  2 ) .  N o r t h  o f  S m a l l  H orn  C an y o n ,  a  
s i l i c i f i e d  q u a r t z i t e  b r e c c i a  w i t h i n  t h e  Q u a d r a n t  F o r m a t i o n  m a r k s  t h e  
c o n t i n u a t i o n  o f  t h i s  f a u l t .  The c l o s e  p r o x i m i t y  o f  t h e  P h o s p h o r i a  
F o r m a t i o n  t o  t h e  K o o t e n a i  F o r m a t i o n  a c r o s s  t h i s  f a u l t  ( l a b e l  3 ,  F i g u r e  
4 )  i n d i c a t e s  a  d i s p l a c e m e n t  o f  a t  l e a s t  9 0 0 '  ( 2 7 3 m ) ,  t h e  c o m b in e d  
t h i c k n e s s  o f  t h e  m i s s i n g  u n i t s .
S p l i t  B o u l d e r  F a u l t
S t r u c t u r a l  c r o s s - s e c t i o n s  o n  e i t h e r  s i d e  o f  t h i s  f a u l t  (A -A '  and  
B -B " ,  F i g u r e  2 )  show a h i n g e  f a u l t ,  d o w n dropped  on  t h e  n o r t h w e s t  s i d e
a n d  h i n g e d  on  t h e  s o u t h w e s t  e n d .  T h i s  f a u l t  o f f s e t s  t h e  S m a l l  Horn
t h r u s t  a n d  l i s t r i c  n o r m a l  f a u l t  i n  S e c t i o n  1 1 ,  i n d i c a t i n g  t h a t  i t  
d e v e l o p e d  a f t e r  b o t h  o f  t h e  f a u l t s .  A l t h o u g h  t h e  B l a c k t a i l  f a u l t  
t r u n c a t e s  t h e  S p l i t  B o u l d e r  f a u l t ,  t h i s  r e l a t i o n s h i p  a l o n e  g i v e s  no  c l u e
t o  t h e  t i m i n g  b e t w e e n  t h e s e  two f a u l t s .  The h i n g e  m o t i o n ,  t h o u g h ,  shows
u p l i f t  o f  t h e  s o u t h e a s t e r n  b l o c k ,  w i t h  t h e  amount  o f  o f f s e t  i n c r e a s i n g  
t o w a r d  t h e  B l a c k t a i l  f a u l t .  The h i g h e s t  p o r t i o n  o f  t h e  B l a c k t a i l  R a n g e ,  
b o t h  s t r u c t u r a l l y  an d  t o p o g r a p h i c a l l y ,  l i e s  f a r t h e r  y e t  t o  t h e  
s o u t h e a s t .  I t  seem s  r e a s o n a b l e  t h a t  t h e  h i n g e  m o t i o n  may h a v e  r e s u l t e d  
f r o m  d i f f e r e n t i a l  u p l i f t  a l o n g  t h e  B l a c k t a i l  f a u l t .
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The c o n t a c t  o f  t h e  Q u a d r a n t  F o r m a t i o n  w i t h  t h e  P h o s p h o r i a  F o r m a t i o n  
oh  t h e  c r e s t  o f  t h e  R e t o r t  M o u n t a i n  a n t i c l i n e  i n  c r o s s - s e c t i o n  B-B" 
o c c u r s  a t  a n  e l e v a t i o n  o f  6 7 3 0 '  ( 2 0 3 0 m ) ,  w h i l e  i n  c r o s s - s e c t i o n  A -A '  i t  
o c c u r s  a t  3 2 0 0 '  ( 1 3 8 3 m ) .  The two c r o s s - s e c t i o n s  l i e  3 0 0 0 '  (913m) a p a r t  
g i v i n g  a  c a l c u l a t e d  p l u n g e  o f  a b o u t  2 7 °  f o r  t h e  f o l d .  H o w ev e r ,  t h e  
a v e r a g e  p l u n g e  o f  t h e  f o l d  m e a s u r e s  o n l y  1 2°  ( F i g u r e  3 ) .  P r o j e c t i o n  o f  
t h e s e  c r e s t  p o i n t s  t o  t h e  S p l i t  B o u l d e r  f a u l t  a l o n g  t h e  c r e s t  o f  t h e  
a n t i c l i n e  u s i n g  t h e  l a t t e r  p l u n g e  i n d i c a t e s  8 9 0 '  (270m) o f  v e r t i c a l  
s l i p .
The r a t e  o f  d e c r e a s e  o f  o f f s e t  t o  t h e  s o u t h w e s t  s u g g e s t s  t h a t  t h e  
S p l i t  B o u l d e r  f a u l t  d i e s  o u t  w i t h i n  2 3 0 0 '  (760m) s o u t h w e s t  o f  t h e  c r e s t  
o f  t h e  R e t o r t  M o u n t a i n  a n t i c l i n e .  T h i s  i n d i c a t e s  t h a t  t h e  n o r t h w e s t e r n  
b l o c k  r o t a t e d  19° downward r e l a t i v e  t o  t h e  s o u t h e a s t e r n  b l o c k .
B l a c k t a i l  F a u l t
The B l a c k t a i l  f a u l t  f o r m s  a  r a n g e  f r o n t  s c a r p  s t r i k i n g  N 3 0°  W 
( Z i e g l e r ,  1 9 3 4 )  a n d  s l o p i n g  s t e e p l y  t o  t h e  n o r t h e a s t .  The d o w n - d r o p p e d  
B l a c k t a i l  V a l l e y  b l o c k ,  c o v e r e d  w i t h  T e r t i a r y  a n d  Q u a t e r n a r y  s e d i m e n t s ,  
a b u t s  a g a i n s t  M i s s i s s i p p i a n  a n d  P e n n s y l v a n i a n  a g e  r o c k s  a l o n g  m o s t  o f  
i t s  e x t e n t  w i t h i n  t h e  s t u d y  a r e a .  The r e l a t i o n s h i p  and  t i m i n g  o f  f a u l t  
movement w i t h  r e s p e c t  t o  t h e  e m p la c e m e n t  o f  t h e  T e r t i a r y  v o l c a n i c  r o c k s  
i n  t h e  s t u d y  a r e a  r e m a i n s  i n  q u e s t i o n  d u e  t o  c o v e r  by  t a l u s  and  a l l u v i a l  
f a n s .
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T h i s  f a u l t  o f f s e t s  M io cen e  a g e  v o l c a n i c  r o c k s  t o  t h e  s o u t h w e s t  
( Z i e g l e r ,  1 9 5 4 ) .  S p r i n g s  a n d  p a r a l l e l  f a u l t s  w i t h  s c a r p l e t s  a l o n g  t h e  
s o u t h e a s t e r n  e x t e n t  o f  t h e  f a u l t  s u g g e s t  f a i r l y  r e c e n t  m ovem en t .  
P r e s e n t  d i f f e r e n c e s  i n  s t r u c t u r a l  e l e v a t i o n  b e t w e e n  t h e  B l a c k t a i l  Range 
an d  t h e  B l a c k t a i l  V a l l e y  a c r o s s  t h i s  f a u l t  r e q u i r e  a t  l e a s t  1130m o f  
v e r t i c a l  d i s p l a c e m e n t  o n  t h i s  f a u l t .
A s m a l l  p a t c h  o f  P r e c a m b r i a n  c r y s t a l l i n e  b a s e m e n t  r o c k  l i e s  i n  
c o n t a c t  w i t h  M i s s i s s i p p i a n  a g e  r o c k s  t o  t h e  s o u t h e a s t  o f  t h e  i n f e r r e d  
t r a c e  o f  t h e  B l a c k t a i l  f a u l t  ( l a b e l  6 ,  F i g u r e  4 ) .  T h i s  r e l a t i o n s h i p  
r e q u i r e s  u p l i f t  o f  t h e  c r y s t a l l i n e  b a s e m e n t  r e l a t i v e  t o  t h e  
M i s s i s s i p p i a n  r o c k s .  A c r o s s  t h e  B l a c k t a i l  V a l l e y  t o  t h e  n o r t h e a s t ,  
s i m i l a r  o u t c r o p s  o f  c r y s t a l l i n e  b a s e m e n t  l i e  a t  e v e n  h i g h e r  s t r u c t u r a l  
l e v e l s  i n  t h e  s o u t h e r n  Ruby R a n g e .  T h i s  s u g g e s t s  t h a t  t h e  B l a c k t a i l  
V a l l e y  r o s e  w i t h  t h e  Ruby Range r e l a t i v e  t o  t h e  B l a c k t a i l  R a n g e .  Then 
l a t e r ,  t h e  B l a c k t a i l  V a l l e y  b l o c k  d r o p p e d  downward a l o n g  t h e  B l a c k t a i l  
f a u l t  l e a v i n g  a  s l i c e  o f  t h e  B l a c k t a i l  V a l l e y  b l o c k  a d h e r e d  t o  t h e  
B l a c k t a i l  Range  b l o c k .
The B l a c k t a i l  R a n g e ,  o f  c o u r s e ,  l i e s  t o p o g r a p h i c a l l y  h i g h e r  t h a n  
t h e  B l a c k t a i l  V a l l e y ,  a n d  t h e  l a t e s t  movement on  t h e  B l a c k t a i l  f a u l t  
i n d i c a t e s  u p l i f t  o f  t h e  r a n g e  r e l a t i v e  t o  t h e  v a l l e y .  T h i s  d o e s  n o t  
i n d i c a t e ,  h o w e v e r ,  t h e  s t r u c t u r a l  e l e v a t i o n  o f  t h e  B l a c k t a i l  V a l l e y  
r e l a t i v e  t o  e i t h e r  t h e  B l a c k t a i l  Range  o r  t h e  Ruby R an g e .
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W i t h i n  t h e  L i m e s t o n e  u n i t  o f  t h e  B e a v e r h e a d  F o r m a t i o n  i n  t h e  SW 1 / 4  
o f  S e c t i o n  12 ( l a b e l  7 ,  F i g u r e  4 ) ,  a  w e s t w a r d - d i r e c t e d  t h r u s t  t r u n c a t e s  
t h e  b a s e  o f  a  w e s t w a r d - v e r g i n g  f o l d  w i t h  i t s  c r e s t  o v e r t u r n e d  t o  t h e  
e a s t  a n d  b r o k e n  a l o n g  i t s  a x i a l  p l a n e  by  a n  e a s t w a r d - d i r e c t e d  t h r u s t  
( F i g u r e  8 ) .  T h i s  may i n d i c a t e  w e s t w a r d - d i r e c t e d  t h r u s t i n g  a c c o m p a n i e d  
b y  e a s t w a r d - d i r e c t e d  b a c k t h r u s t i n g .  B u t ,  s i n c e  a l l  o t h e r  f e a t u r e s  
o b s e r v e d  w i t h i n  t h e  B e a v e r h e a d  F o r m a t i o n  i n d i c a t e  e a s t w a r d  t r a n s l a t i o n ,  
one  m i g h t  a l s o  s u r m i s e  t h a t  t h e  w e s t w a r d - d i r e c t e d  t h r u s t  fo r m e d  a s  a  
b a c k t h r u s t  f r o m  a n  e a s t w a r d - d i r e c t e d  t h r u s t .  H o r i z o n t a l  s h e a r i n g  
o b s e r v e d  w i t h i n  t h e  l o w e r  c o n g l o m e r a t e  u n i t  o f  t h e  B e a v e r h e a d  F o r m a t i o n  
may r e p r e s e n t  s u c h  e a s t w a r d - d i r e c t e d  t h r u s t i n g .  T h i s  s t r u c t u r e  may a l s o  
h a v e  r e s u l t e d  f r o m  some o t h e r  t e c t o n i c  e p i s o d e  f o l l o w i n g  d e p o s i t i o n  o f  
t h e  B e a v e r h e a d  F o r m a t i o n .  The c o m p l e x i t i e s  w h ic h  m i g h t  c a u s e  s u c h  
s m a l l - s c a l e  s t r u c t u r e s  l e a v e  a  l a r g e  m a r g i n  o f  d o u b t  i n  t h e  
i n t e r p r e t a t i o n  o f  an y  s i n g l e  s m a l l - s c a l e  s t r u c t u r e .
To t h e  e a s t  o f  t h i s  s t r u c t u r e ,  a  f a u l t  d i p p i n g  3 2 ° S  55°W h a s  p l a c e d  
a  b l o c k  o f  Q u a d r a n t  F o r m a t i o n  o v e r  t h e  B e a v e r h e a d  F o r m a t i o n  t o  t h e  
s o u t h w e s t  o f  t h e  c o n t a c t  b e t w e e n  t h e  Q u a d r a n t  F o r m a t i o n  a n d  t h e  
P h o s p h o r i a  F o r m a t i o n  ( l a b e l  8 ,  F i g u r e  4 ) .  T h i s  r e l a t i o n s h i p  shows o n l y  
t h a t  t h e  f a u l t  p o s t - d a t e s  d e p o s i t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n  and  
t h a t  t h e  b l o c k  o f  Q u a d r a n t  F o r m a t i o n  moved s o u t h w e s t w a r d  o v e r  t h e  
B e a v e r h e a d  F o r m a t i o n .































Figure 8. Eastward- and westward-directed thrusting and folding within the limestone unit  
o f  the Beaverhead Formation (Label 7 ,  Figure 4).
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S i n c e  t h e  d i r e c t i o n  o f  m o t i o n  o f  t h e  b l o c k  o f  Q u a d r a n t  F o r m a t i o n  
i n d i c a t e d  by  s l i c k e n s i d e s  a l o n g  t h e  f a u l t  p l a n e  c o i n c i d e s  w i t h  t h e  d i p  
d i r e c t i o n ,  i t  s e e m s  f e a s i b l e  t h a t  t h i s  b l o c k  may h a v e  moved by  g r a v i t y  
g l i d i n g .  The w e s t w a r d  t h r u s t i n g  s e e n  i n  t h e  l i m e s t o n e  u n i t  o f  t h e  
B e a v e r h e a d  F o r m a t i o n  ( F i g u r e  8 )  may a l s o  h a v e  r e s u l t e d  f r o m  s u c h  a 
m e c h a n i s m .  E a r l i e r  u p l i f t  o f  t h e  B l a c k t a i l  V a l l e y  b l o c k  c o u l d  h a v e  
p r o v i d e d  t h e  g r a v i t a t i o n a l  p o t e n t i a l  r e q u i r e d  f o r  g r a v i t y  g l i d i n g  on  
t h i s  s c a l e .
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CHAPTER IV
TECTONIC EVENTS INDICATED BY THE STRUCTURE 
OF THE SMALL HORN CANYON AREA
The f a u l t i n g  an d  f o l d i n g  i n  t h e  s t u d y  a r e a  i n d i c a t e s  two m a j o r  
e p i s o d e s  o f  t e c t o n i c  a c t i v i t y .  The f i r s t  e p i s o d e  o c c u r r e d  d u r i n g  t h e  
L a t e  C r e t a c e o u s  p e r i o d .  The s e c o n d  e p i s o d e  b e g a n  p r o b a b l y  d u r i n g  
M iocene  t i m e  and  c o n t i n u e d  u n t i l  t h e  p r e s e n t .
LATE CRETACEOUS TECTONIC EPISODE
The f i r s t  t e c t o n i c  e p i s o d e  c o n s i s t s  o f  s i x  d i s t i n g u i s h a b l e  e v e n t s :
1 .  M i ld  f o l d i n g  o f  a l l  p r e - B e a v e r h e a d  u n i t s  ( F i g u r e  9 a ) .
2 .  W e s t w a r d - d i r e c t e d  t h r u s t  f a u l t i n g  ( F i g u r e  9 b ) .
3 .  C o n t i n u e d  f o l d i n g ,  w i t h  w e s t w a r d  v e r g e n c e ,  i n c l u d i n g  f o l d i n g  o f
t h e  S m a l l  Horn  t h r u s t  ( F i g u r e  9 c ) .
4 .  Normal  f a u l t i n g  i n v o l v i n g  r e v e r s e d  m o t i o n  a l o n g  a  p o r t i o n  o f
t h e  S m a l l  H orn  t h r u s t  ( F i g u r e  9 d ) .
5 .  D e p o s i t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n  ( F i g u r e  9 e ) .
6 .  C o n t i n u e d  f o l d i n g ,  p r o d u c i n g  e a s t w a r d - v e r g i n g  f o l d s  w i t h i n  t h e
B e a v e r h e a d  F o r m a t i o n  ( F i g u r e  9 f ) .
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a. Mild f o ld in g  o f  a l l  
pre-Beaverhead u n i t s .
b. Westward-directed  
t h r u s t  f a u l t i n g .
c .  Continued westward-
verg ing  f o ld in g  inc lu d ing  
fo ld in g  o f  the Small Horn 
th r u s t .
d. Normal f a u l t i n g  in v o lv ­
ing reversed motion along  
a port ion  o f  the  Small 
Horn t h r u s t .
e .  D epos it ion  o f  the  
Beaverhead Formation.
f .  Continued f o l d i n g ,  
producing eastward-  
verging f o ld s  in the  
Beaverhead Formation.
Figure 9 .  Schematic model o f  Late Cretaceous s tr u c tu r a l  development  
in the  Small Horn Canyon area.
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MIOCENE TO RECENT TECTONIC EPISODE
T h i s  s e c o n d  e p i s o d e  s h o w s :
1 .  U p l i f t  o f  t h e  B l a c k t a i l  V a l l e y  b l o c k  a l o n g  a  f a u l t  i n  t h e
v i c i n i t y  o f  t h e  B l a c k t a i l  f a u l t ,  b r i n g i n g  c r y s t a l l i n e  b a s e m e n t
up a d j a c e n t  t o  U p p e r  P a l e o z o i c  r o c k s  ( F i g u r e s  10a a n d  1 0 b ) .
2 .  U p l i f t  o f  t h e  B l a c k t a i l  Range  r e l a t i v e  t o  t h e  B l a c k t a i l  V a l l e y
a l o n g  t h e  B l a c k t a i l  f a u l t  ( F i g u r e  1 0 c ) ,  p o s s i b l y  a c c o m p a n ie d  
by  e x t r u s i o n  o f  a n d é s i t e  f l o w s  a n d  more  f e l s i c  t u f f s .
3 .  H in g e  f a u l t i n g  i n  S m a l l  H orn  Canyon due  t o  d i f f e r e n t i a l  u p l i f t
o f  t h e  B l a c k t a i l  Range  ( F i g u r e  l O d ) .
T h e s e  e v e n t s  a l l  i n d i c a t e  a  t e n s i o n a l  e n v i r o n m e n t ,  v e r y  d i f f e r e n t  
f r o m  t h e  c o m p r e s s i o n s !  e n v i r o n m e n t  o f  t h e  L a t e  C r e t a c e o u s  t e c t o n i c  
e p i s o d e .  The s t y l e  and  t i m i n g  o f  t h i s  t e c t o n i c  e p i s o d e  l i n k s  i t  t o  t h e  
b a s i n  a n d  r a n g e  p r o v i n c e  t o  t h e  s o u t h  ( R e y n o l d s ,  1 9 7 9 ;  S c h o l t e n ,  1 9 6 7 ) .
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a. Blacktai1-Ruby area be fore  T e r t ia r y  f a u l t i n g .  Topography not  
im pl ied .
m ip
b. U p l i f t  o f  the  Ruby Range r e l a t i v e  to  the B la c k ta i l  Range. Fault  
drawn v e r t i c a l  because o r i e n t a t i o n  unknown o th e r  than v e r t i c a l  
motion in d ic a te d  by s t r a t i g r a p h i e  r e l a t i o n s h i p s .
B lack tail R ange B lac k ta il
Valley
R uby R an g e
U p l i f t  o f  the B la c k t a i l  Range r e l a t i v e  to  the B la c k ta i l  V a l ley  
along the  B la c k t a i l  f a u l t .
Blacktail R ange
tiS?!;!';! Phanerozolc rocks 
( I P recam brian  basem en t




d. Hinge f a u l t i n g  in Small Horn Canyon due to  d i f f e r e n t i a l  u p l i f t  
o f  the B la c k t a i l  Range along the B la c k ta i l  f a u l t .
Figure 10. Schematic model o f  Miocene to  Recent s t r u c tu r a l  development  
o f  the  study area .




LATE CRETACEOUS REGIONAL TECTONIC STRUCTURE
P r e v i o u s  w o r k e r s  h a v e  n o t e d  two d i s t i n c t l y  d i f f e r e n t  s t y l e s  o f  L a t e  
C r e t a c e o u s  d e f o r m a t i o n  i n  s o u t h w e s t e r n  M on tana  an d  e a s t - c e n t r a l  I d a h o  
( S c h o l t e n  and  o t h e r s ,  1 9 3 5 ;  S c h o l t e n ,  1 9 3 7 ,  1 9 6 8 ;  M "G o n ig l e ,  1 9 6 3 ;
K o e s t e r s  L u c c h i t a ,  1 9 6 6 ;  Huh ,  1 9 6 7 ;  S c h o l t e n  a n d  R a m s p o t t ,  1 9 6 8 ) .  The 
d i v i d i n g  l i n e  b e t w e e n  t h e  two s t r u c t u r a l  p r o v i n c e s  c o i n c i d e s  w i t h  t h e  
L a t e  P r e c a m b r i a n  a n d  P a l e o z o i c  h i n g e  l i n e ,  t r e n d i n g  n o r t h w e s t w a r d  
t h r o u g h  t h e  Tendoy  Range i n  t h i s  r e g i o n .
U n i f o r m  n o r t h w e s t - t r e n d i n g  f o l d s  and  low a n g l e  t h r u s t  f a u l t s ,  
t h e m s e l v e s  o f t e n  r e f o l d e d ,  c h a r a c t e r i z e  t h e  d e f o r m a t i o n  i n  t h e  t h i c k  
p a c k a g e  o f  s h e l f  s e d i m e n t s  t o  t h e  s o u t h w e s t  o f  t h e  h i n g e  l i n e  ( H a i t ,  
1 9 6 3 ;  R o s s ,  1 9 4 7 ,  1 9 6 2 ;  S c h o l t e n ,  1 9 6 7 ) .  C h a r a c t e r i s t i c  d e f o r m a t i o n  
w i t h i n  t h e  p r o v i n c e  n o r t h e a s t  o f  t h e  h i n g e  l i n e  i n c l u d e s  b r o a d  
b a s e m e n t - c o r e d  a r c h e s ,  commonly b o u n d e d  by  t h r u s t  f a u l t s .  The t r e n d s  o f  
i n d i v i d u a l  a r c h e s  an d  t h r u s t  f a u l t s  d i v e r g e  f r o m  t h e  u n i f o r m  n o r t h w e s t  
t r e n d  o b s e r v e d  i n  t h e  s o u t h w e s t e r n  p r o v i n c e ,  a l t h o u g h  t h e  g r o s s  t r e n d  
r e m a i n s  r o u g h l y  n o r t h w e s t w a r d .  B e tw een  t h e s e  two p r o v i n c e s ,  l i e s  a  
t r a n s i t i o n  zone  c o n t a i n i n g  e l e m e n t s  o f  b o t h  s t y l e s  o f  d e f o r m a t i o n .
B ase m en t  i n v o l v e m e n t  i n  t h r u s t i n g  e x t e n d s  t h r o u g h  b o t h  t h e  
t r a n s i t i o n  z o n e  an d  t h e  n o r t h e a s t e r n  p r o v i n c e .  T h r u s t s  o f  t h i s  t y p e  
i n c l u d e  t h e  G r e e n h o r n  ( K l e p p e r ,  1 9 3 1 ;  H a d l e y ,  1 9 6 0 ) ,  S n o w c r e s t  (Mann,
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1 9 5 4 ;  Z i e g l e r ,  1 9 5 4 ) ,  M a d i s o n ,  G a r d i n e r ,  Rotney ( R o s s  a n d  o t h e r s ,  1 9 5 5 ) ,  
C a b i n ,  J o h n s o n ,  K i s s i c k  ( S c h o l t e n ,  1 9 6 7 ) ,  a n d  a  s m a l l  t h r u s t  on  t h e  
w e s t e r n  m a r g i n  o f  t h e  T o b a c c o  R o o t  M o u n t a i n s  ( V i t a l i a n o  and  C o r d u a ,  
1 9 7 9 ) .
C o n g l o m e r a t e s  o f  t h e  B e a v e r h e a d  F o r m a t i o n  s h e d  f r o m  t h r u s t  s h e e t s  
o f  t h e  s o u t h w e s t e r n  p r o v i n c e  an d  f r o m  b a s e m e n t  a r c h e s  o f  t h e  
n o r t h e a s t e r n  p r o v i n c e  i n t e r f i n g e r  ( R y d e r ,  1 9 6 7 ,  1 9 6 8 ;  W i l s o n ,  1 9 6 7 ,
1 9 7 0 ) .  T h i s  r e l a t i o n s h i p  i n d i c a t e s  t h a t  t h e  t h r u s t i n g  i n  t h e  
s o u t h w e s t e r n  p r o v i n c e  an d  t h e  b a s e m e n t  a r c h i n g  i n  t h e  n o r t h e a s t e r n  
p r o v i n c e  o c c u r r e d  c o n t e m p o r a n e o u s l y .
MIOCENE TO RECENT TECTONIC STRUCTURE
B a s i n  an d  r a n g e  s t r u c t u r e  i n  t h i s  r e g i o n  c o n t a i n s  t h e  same 
c h a r a c t e r i s t i c s  o b s e r v e d  i n  t h e  G r e a t  B a s i n  t o  t h e  s o u t h  o f  t h e  Snake  
R i v e r  P l a i n  ( S t e w a r t ,  1 9 7 8 ;  B e s t  a n d  H a m b l i n ,  1 9 7 8 ;  R e y n o l d s ,  1 9 7 9 ) .  
T h i s  i n c l u d e s  r e g i o n a l  u p l i f t ,  b l o c k  f a u l t i n g ,  a n d  v o l c a n i s m  a l o n g  t h e  
m i g r a t i n g  m a r g i n s  o f  t h e  p r o v i n c e .  T h e s e  f e a t u r e s  r e s u l t e d  f r o m  
r e g i o n a l  e x t e n s i o n  ( H a m i l t o n  a n d  M y e r s ,  1 9 6 6 ;  E a t o n  and  o t h e r s ,  1 9 7 5 ,  
1978)  c a u s e d  by i n t e r a c t i o n s  o f  t h e  F a r a l l o n ,  P a c i f i c  and  N o r t h  A m e r ic a n  
p l a t e s  ( A t w a t e r ,  1 9 7 0 ;  A t w a t e r  an d  M o l n a r ,  1 9 7 3 ;  B u r c h f i e l  and  D a v i s ,  
1 9 7 5 ) .
M a jo r  b l o c k  f a u l t i n g  p r o d u c e d  d u r i n g  t h i s  t e c t o n i c  e p i s o d e  h a s  
i n v o l v e d  t h e  B l a c k t a i l ,  Red R o c k ,  C e n t e n n i a l ,  M a d i s o n ,  Muddy C r e e k ,  
D eadm an ,  an d  M aiden  P e a k  f a u l t s  ( S c h o l t e n  an d  o t h e r s ,  1 9 5 5 ;  H o n k a l a ,
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1 9 4 9 ;  R o ss  a n d  o t h e r s ,  1 9 5 5 ;  P a r d e e ,  1 9 5 0 ) .  R e c e n t  a c t i v i t y  on  t h e  
Red Rock f a u l t  shows  t h a t  t h i s  e p i s o d e  h a s  n o t  y e t  e n d e d .
N orm al  f a u l t s  n o r t h e a s t  o f  t h e  h i n g e  l i n e  e x h i b i t  d i v e r g e n t  
o r i e n t a t i o n s .  P r e - e x i s t i n g  b a s e m e n t  w e a k n e s s e s  p r o b a b l y  p r o v i d e  some 
c o n t r o l  o n  t h e  o r i e n t a t i o n s  o f  t h e s e  f a u l t s .  To t h e  s o u t h w e s t  o f  t h e  
h i n g e  l i n e ,  t h e  n o r m a l  f a u l t s  g e n e r a l l y  t r e n d  n o r t h w e s t w a r d .  T h i s  t r e n d  
may i n d i c a t e  r e a c t i v a t i o n  o f  f a u l t s  p r o d u c e d  d u r i n g  t h e  L a t e  C r e t a c e o u s  
t e c t o n i c  e p i s o d e .  The m a j o r  b l o c k  f a u l t  b a s i n s  and  r a n g e s  p r e s e n t l y  
e x i s t i n g  i n  t h i s  r e g i o n  h a v e  r e s u l t e d  f r o m  t h i s  M iocene  t o  R e c e n t  
t e c t o n i c  e p i s o d e .
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CHAPTER VI
TECTONIC MODELS FOR LATE CRETACEOUS DEFORMATION
CONSTRAINTS
Any m o d e l  u s e d  t o  e x p l a i n  t h e  t e c t o n i c  h i s t o r y  o f  t h e  S m a l l  Horn  
Canyon a r e a  m u s t  a l s o  s a t i s f y  r e g i o n a l  c o n s t r a i n t s ,  i n c l u d i n g  p r o d u c t i o n  
o f  :
1 .  E a s t w a r d -  a n d  w e s t w a r d - v e r g i n g  f o l d s .
2 .  E a s t w a r d -  and  w e s t w a r d - d i r e c t e d  t h r u s t s .
3 .  L i s t r i c  n o r m a l  f a u l t s  m e r g i n g  w i t h  t h r u s t  p l a n e s .
4 .  F o l d e d  f a u l t  p l a n e s .
5 .  S y n t e c t o n i c  d e p o s i t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n
c o n t e m p o r a n e o u s l y  f r o m  s o u r c e  a r e a s  e a s t  and  w e s t  o f  t h e  h i n g e  
l i n e  .
PREVIOUS TECTONIC MODELS
I n  a n  e f f o r t  t o  e x p l a i n  t h e  d i f f e r e n c e s  i n  s t y l e s  o f  d e f o r m a t i o n  on  
o p p o s i t e  s i d e s  o f  t h e  h i n g e  l i n e ,  p r e v i o u s  w o r k e r s  p r o p o s e d  m o d e l s  
c o n t a i n i n g  t h r e e  c o n c u r r e n t  m e c h a n i s m s :
1 .  G r a v i t y  g l i d i n g  o r  s p r e a d i n g  f r o m  a  s t r u c t u r a l  an d  t o p o g r a p h i c  
h i g h  p r o d u c e d  by e m p l a c e m e n t  o f  t h e  I d a h o  b a t h o l i t h ,  p r o d u c i n g  
l o w - a n g l e  t h r u s t i n g  s o u t h w e s t  o f  t h e  h i n g e  l i n e  ( S c h o l t e n  and  
H a i t ,  1 9 6 4 ;  S c h o l t e n  a n d  O n a s c h ,  1 9 7 7 ;  S c h o l t e n  an d  
R a m s p o t t ,  1 9 6 8 ) .
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2 .  U p t h r u s t i n g  o f  b a s e m e n t  b l o c k s  ( c . f .  S t e a r n s ,  1 9 7 1 ;  H a f n e r ,
1 9 5 1 ;  S a n f o r d ,  1 9 5 9 ;  F r u c h a  and  o t h e r s ,  1 9 6 3 )  i n  r e s p o n s e  t o  
a t h e r m a l  e v e n t ,  p r o d u c i n g  t h r u s t i n g  n o r t h e a s t  o f  t h e  h i n g e  
l i n e  ( S c h o l t e n ,  1 9 6 8 ;  R y d e r  a n d  S c h o l t e n ,  1 9 7 3 ;  W i l s o n ,  
1 9 7 0 ) .
3 .  R e g i o n a l  c o m p r e s s i o n ,  p r o d u c i n g  s u p e r p o s e d  f o l d i n g  i n  b a s e m e n t
r o c k s  ( S c h o l t e n ,  1 9 6 7 )  and  i n  i n f r a s t r u c t u r e  ( S c h o l t e n  an d  
R a m s p o t t ,  1 9 6 8 ) ,  a n d  low a n g l e  t h r u s t s .
The a s s o c i a t i o n  o f  c e r t a i n  r o c k  t y p e s  w i t h  a  p a r t i c u l a r  s t y l e  o f  
d e f o r m a t i o n  i n d i c a t e s  t h a t  t h e  r o c k  t y p e  d e t e r m i n e s  t h e  s t y l e  o f
d e f o r m a t i o n  by  p r o d u c i n g  a  u n i q u e  s t r u c t u r a l  r e s p o n s e  w i t h i n  a  s i n g l e  
s t r e s s  s y s t e m .  The a b i l i t y  t o  o b s e r v e  c e r t a i n  s t r u c t u r e s  w i t h i n  t h e s e  
r o c k  t y p e s  may a l s o  e n h a n c e  o r  h i n d e r  r e c o g n i t i o n  o f  t h e s e  s t r u c t u r e s  
an d  l e a d  t o  e x c e s s i v e  d i f f e r e n t i a t i o n  o f  s t r u c t u r a l  s t y l e s .  G r o s s  
l u m p in g  o f  u n i t s  s u c h  a s  t h e  Pony an d  C h e r r y  C r e e k  g r o u p s  makes  i t  
d i f f i c u l t  t o  r e c o g n i z e  a n y  s t r u c t u r e  w i t h i n  t h e  P r e c a m b r i a n  c r y s t a l l i n e  
b a s e m e n t  o f  t h i s  r e g i o n .  T h i n ,  m a p p a b l e  u n i t s  w i t h i n  t h e  s e d i m e n t a r y  
p a c k a g e ,  t h o u g h ,  o f t e n  c l e a r l y  show e v e n  m i n o r  s t r u c t u r e s .
D i f f e r e n c e s  i n  c o m p o s i t i o n  a n d  p r e - e x i s t i n g  s t r u c t u r a l  g r a i n  on  
o p p o s i t e  s i d e s  o f  t h e  h i n g e  l i n e  r e s u l t  i n  somewhat d i f f e r e n t  r e s p o n s e s  
t o  t h e  same s t r e s s  s y s t e m .  P r e - e x i s t i n g  w e a k n e s s e s  i n  t h e  b r i t t l e  
c r y s t a l l i n e  b a s e m e n t  c a u s e  r e - o r i e n t a t i o n  o f  s t r e s s e s  w h i l e  t h e  same
s t r e s s e s  p r o p a g a t e  m ore  u n i f o r m l y  t h r o u g h  t h e  t h i c k  p a c k a g e  o f  s h e l f  
s e d i m e n t s .  The c o m p l e x i t y  o f  s u c h  a  s t r e s s  s y s t e m  w i t h i n  t h e  b a s e m e n t
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r e s u l t s  i n  d i v e r g e n t  s t r u c t u r a l  t r e n d s  w h i c h  c a n  p r o d u c e  s u p e r p o s e d  
s t r u c t u r e s  f r o m  a  s i n g l e  e v e n t  ( B h a t t a c h a r j i ,  1 9 5 8 ) .  T h i s  r e q u i r e s  o n l y  
a  s i n g l e  m e c h a n i s m  t o  p r o d u c e  a l l  o f  t h e  L a t e  C r e t a c e o u s  s t r u c t u r a l  
f e a t u r e s  i n  t h i s  r e g i o n  r a t h e r  t h a n  r e q u i r i n g  t h r e e  c o n c u r r e n t  
m e c h a n i s m s .
U p l i f t  o f  b a s e m e n t  b l o c k s  a l o n g  v e r t i c a l  f a u l t s ,  an d  h o r i z o n t a l  
c o m p r e s s i o n  p r o d u c i n g  f o l d i n g  i n  b a s e m e n t  r o c k s  c a n n o t  r e s u l t  
c o n c u r r e n t l y  f ro m  any  i m a g i n a b l e  s t r e s s  s y s t e m  s i n c e  t h e  r e s u l t a n t  
s t r e s s  f i e l d  f r o m  c o n c u r r e n t  v e r t i c a l  a n d  h o r i z o n t a l  s t r e s s  s y s t e m s  
w o u ld  p r o d u c e  a n  i n c l i n e d  s t r e s s  f i e l d  i n c o n s i s t e n t  w i t h  u p t h r u s t i n g .  
F i e l d  r e l a t i o n s h i p s  do  n o t  d e f i n i t i v e l y  d e m o n s t r a t e  t h e  e x i s t e n c e  o f  
u p t h r u s t i n g ,  and  r e c e n t  d e e p  s e i s m i c  r e f l e c t i o n  p r o f i l i n g  (B re w e r  and  
o t h e r s ,  1 9 8 0 )  h a s  l e f t  some d o u b t  a b o u t  how commonly t h i s  s t y l e  o f  
f a u l t i n g  may o c c u r .  Lack  o f  L a t e  C r e t a c e o u s  t h e r m a l  a c t i v i t y  d i r e c t l y  
a s s o c i a t e d  w i t h  t h i s  e p i s o d e  o f  b a s e m e n t  a r c h i n g  and  f o l d i n g  t h r o u g h o u t  
much o f  t h e  r e g i o n  a l s o  l e a v e s  t h i s  h y p o t h e s i s  u n s u p p o r t e d .
G r a v i t y  g l i d i n g ,  a s  a p p l i e d  by  p r e v i o u s  w o r k e r s  i n  t h i s  r e g i o n ,  c a n  
o n l y  p r o d u c e  t h i n - s k i n  f e a t u r e s ,  and  t h e n  o n l y  i n  r e s p o n s e  t o  some o t h e r  
m e c h a n i s m  r e s p o n s i b l e  f o r  u p l i f t .  S i n c e  r e g i o n a l  b a s e m e n t - i n v o l v e d  
t h r u s t i n g  a n d  f o l d i n g  r e q u i r e  s t r e s s e s  g r e a t e r  t h a n  t h o s e  p r o p o s e d  f o r  
g r a v i t y  s l i d i n g ,  o t h e r  m e c h a n i s m s  c o u l d  j u s t  a s  w e l l  p r o d u c e  t h e  
s t r u c t u r a l  f e a t u r e s  a t t r i b u t e d  t o  g r a v i t y  g l i d i n g .  R u p p e l  ( 1 9 7 8 )  a l s o  
c o n c l u d e d  t h a t  t h e  M e d i c i n e  Lodge  t h r u s t  s y s t e m  o n l y  p a r t l y  m e e t s  t h e  
p r o p o s e d  r e q u i r e m e n t s  f o r  g r a v i t y  g l i d i n g .  P a u l i  ( 1 9 7 4 )  n o t e d  t h a t  t h e
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a b s e n c e  o f  e x o t i c  c l a s t s  i n  a  c o n g l o m e r a t e  s t u d i e d  i n  s o u t h - c e n t r a l  
I d a h o  r u l e s  o u t  t h e  I d a h o  b a t h o l i t h  a s  a  s o u r c e  a r e a  and  t h e r e b y  
p r e s e n t s  p r o b l e m s  w i t h  t h e  g r a v i t y  g l i d i n g  m o d e l .
PROPOSED CRÜSTAL SHORTENING MODEL
I  p r o p o s e  t h a t  t h e  L a t e  C r e t a c e o u s  t e c t o n i c  s t r u c t u r e s  o f  t h e  s t u d y  
a r e a  r e s u l t e d  f r o m  c r u s t a l  s h o r t e n i n g .  I  f u r t h e r  p r o p o s e  t h a t  p l a t e  
i n t e r a c t i o n s  i n v o l v i n g  s u b d u c t i o n  a l o n g  t h e  w e s t e r n  m a r g i n  o f  t h e  N o r t h  
A m e r i c a n  p l a t e  p r o d u c e d  t h e  c r u s t a l  s h o r t e n i n g .
P l a t e  T e c t o n i c  M echan ism  F o r  C r u s t a l  S h o r t e n i n g
An i n c r e a s e  i n  t h e  r a t e  o f  s u b d u c t i o n  a l o n g  t h e  w e s t e r n  m a r g i n  o f  
N o r t h  A m e r i c a ,  a c c o m p a n y i n g  a  c h a n g e  i n  t h e  d i r e c t i o n  o f  m o t i o n  o f  t h e  
N o r t h  A m e r i c a n  p l a t e  ( C o n e y ,  1 9 7 1 ) ,  c a u s e d  n o r t h e a s t w a r d  p r o p a g a t i o n  o f  
h o r i z o n t a l  c o m p r e s s i o n a l  s t r e s s e s  a s  t h e  s h a l l o w l y  d i p p i n g  s l a b  o f  
l i t h o s p h e r e  moved i n l a n d  b e n e a t h  t h e  N o r t h  A m e r i c a n  p l a t e  ( B u r c h f i e l  and  
D a v i s ,  197 5 ;  B re w er  an d  o t h e r s ,  1 9 8 0 ) .  C r u s t a l  s h o r t e n i n g  r e s u l t e d  
f ro m  t h i s  c o m p r e s s i o n a l  s y s t e m  t h r o u g h  d u c t i l e  s h o r t e n i n g  a t  d e e p e r  
c r u s t a l  l e v e l s  a n d  by  b r i t t l e  s h o r t e n i n g  i n  t h e  u p p e r  p o r t i o n s  o f  t h e  
c r u s t ,  p r o d u c i n g  a n  e a s t w a r d - p r o p a g a t i n g  s y s t e m  o f  t h r u s t s  an d  f o l d s  
( B u r c h f i e l  an d  D a v i s ,  1 9 7 5 ) .  A b a s a l  t h r u s t  zone  r e s u l t e d  f r o m  
d i f f e r e n t i a l  m o t i o n  b e t w e e n  t h e  two c r u s t a l  l e v e l s  s e p a r a t i n g  th em  and  
f o r m i n g  a  r o o t  zone  f r o m  w h i c h  t h e  m a j o r  t h r u s t s  d e v e l o p e d .  I n i t i a l  
d e f o r m a t i o n  o f  t h e  c r u s t  i n v o l v e d  t h e  t h i c k  p a c k a g e  o f  P r e c a m b r i a n  and
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P a l e o z o i c  s e d i m e n t s  t o  t h e  s o u t h w e s t  o f  t h e  h i n g e  L i n e .  As t h e  
d e f o r m a t i o n  p r o p a g a t e d  n o r t h e a s t w a r d ,  i t  i m p i n g e d  u p o n  t h e  c r y s t a l l i n e  
b a s e m e n t  r o c k  o f  t h e  c r a t o n .  The g r e a t e r  s t r u c t u r a l  c o m p e t e n c e  o f  t h e  
c r y s t a l l i n e  b a s e m e n t  p r o b a b l y  i n i t i a l l y  c a u s e d  t h e  b a s a l  t h r u s t  zone  t o  
ramp u p  i n t o  t h e  s e d i m e n t s  r e s t i n g  o n  t h e  c r y s t a l l i n e  b a s e m e n t ,  p e r h a p s  
p r o d u c i n g  d e c o l l e m e n t - s t y l e  t h r u s t i n g .  C o n t i n u e d  s h o r t e n i n g ,  h o w e v e r ,  
e v e n t u a l l y  c a u s e d  t h e  t h r u s t i n g  t o  p e n e t r a t e  t h e  b a s e m e n t  and  i n i t i a t e  
t h e  b a s e m e n t - i n v o l v e d  t h r u s t i n g  o b s e r v e d  i n  t h i s  r e g i o n .
Rampin& M echan ism s
Ramping o c c u r s  commonly i n  d e c o l l e m e n t - s t y l e  t h r u s t i n g  ( R i c h ,  1 9 3 4 ;  
W i l s o n  a n d  S t e a r n s ,  1 9 5 8 ) .  B u r c h f i e l  a n d  D a v i s  ( 1 9 7 1 ,  1975)  r e p o r t e d  
d e c o l l e m e n t - l i k e  g e o m e t r y  i n  t h r u s t i n g  i n  c r y s t a l l i n e  b a se m e n t  r o c k s .  
R h e o l o g i c a l  v a r i a t i o n s  w i t h i n  and  b e t w e e n  u n i t s  a f f e c t e d  by t h e  s t r e s s s e s  
w h i c h  p r o d u c e  a t h r u s t  s y s t e m  p r o v i d e  a  r e a s o n a b l e  c a u s e  f o r  r a m p in g  o f  
t h r u s t s .  V a r i a t i o n s  i n  n o r m a l  l o a d  o n  t h e  s o l e  o f  t h e  t h r u s t  due  t o  
t o p o g r a p h i c  d i f f e r e n c e s  may c a u s e  o t h e r  ram ps  t o  d e v e l o p .
The s h e a r  s t r e n g t h  o f  t h e  medium and  t h e  m a g n i t u d e  o f  t h e  v e r t i c a l  
com p o n en t  o f  s t r e s s  a l o n g  t h e  f a u l t  p l a n e ,  t o g e t h e r  w i t h  t h e  
g r a v i t a t i o n a l  f o r c e  e x e r t e d  by t h e  o v e r l y i n g  r o c k s ,  d e t e r m i n e  t h e  
i n c l i n a t i o n  o f  t h e  p r o p a g a t i n g  t h r u s t  p l a n e .  S t e e p e n i n g  o f  t h e  t h r u s t  
p l a n e  r e d u c e s  s h e a r  s t r e n g t h  by r e d u c i n g  t h e  co m p o n en t  o f  g r a v i t y  n o r m a l  
t o  t h e  f a u l t  p l a n e .  C o n v e r s e l y ,  s t e e p e n i n g  i n c r e a s e s  t h e  m a g n i t u d e  o f  
t h e  v e r t i c a l  c o m p o n en t  o f  s t r e s s  on  t h e  ramp i n  o p p o s i t i o n  t o  g r a v i t y .
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T h i s  s u g g e s t s  t h a t  r a m p i n g  s h o u l d  o c c u r  a s  t h e  s t r e s s e s  p r o d u c i n g  t h e  
t h r u s t  f a u l t  im p i n g e  u p o n  a  m ore  c o m p e t e n t  medium,  by  an  i n c r e a s e  i n  
c r u s t a l  d e n s i t y ,  o r  by  a n  i n c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  o v e r l y i n g  
c r u s t .  T o p o g r a p h i c  h i g h s  e x i s t i n g  a t  t h e  t i m e  o f  t h r u s t i n g ,  t h e r e f o r e ,  
s h o u l d  p r o d u c e  r a m p i n g .
S t r u c t u r a l  P a t t e r n  P r o d u c e d  By Ramping
W i l t s c h k o  ( 1 9 7 9 a )  c a l c u l a t e d  t h e o r e t i c a l  s t r e s s  f i e l d  o r i e n t a t i o n s  
w i t h i n  a r a m p i n g  t h r u s t  s h e e t  ( F i g u r e  1 1 )  p r e d i c t i n g  t h e  f a u l t  
o r i e n t a t i o n s  shown i n  F i g u r e  1 2 .  T h e s e  i n c l u d e  b a c k t h r u s t s  due  t o  
c o m p r e s s i o n  up ramp an d  n o r m a l  f a u l t s  due  t o  t e n s i o n  upon f l a t t e n i n g  o f  
t h e  ramp ( F i g u r e  1 3 ) .  B e r r a  ( 1 9 7 7 )  r e p o r t e d  s u c h  r e v e r s e  f a u l t s  
d i r e c t e d  o p p o s i t e  t h e  m o t i o n  o f  a  m a j o r  t h r u s t ,  a n d  Royse  and  o t h e r s  
( 1 9 7 5 )  n o t e d  l i s t r i c  n o r m a l  f a u l t i n g  c o i n c i d i n g  w i t h  r a m p i n g .  F o l d i n g  
a s s o c i a t e d  w i t h  t h i s  same s t r e s s  s y s t e m  e x h i b i t s  t h e  same o r i e n t a t i o n s  
a s  t h e  f a u l t i n g ,  p r o d u c i n g  f o l d s  v e r g i n g  b o t h  i n  t h e  d i r e c t i o n  o f  m a j o r  
movement a n d  o p p o s i t e  t h a t  d i r e c t i o n .
I n i t i a l  b r o a d  w a r p i n g  o f  c r y s t a l l i n e  b a s e m e n t ,  p r o d u c i n g  t h e  l a r g e  
b a s e m e n t  a r c h e s  o f  s o u t h w e s t e r n  M on tana  w o u ld  g e n e r a t e  t h e  t o p o g r a p h i c  
h i g h s  r e q u i r e d  t o  c a u s e  t h e  r a m p i n g  an d  b a c k t h r u s t i n g  o b s e r v e d  a l o n g  
t h e i r  w e s t e r n  m a r g i n s .  T h i c k e n i n g  o f  t h e  c r u s t  d u e  t o  t h r u s t i n g  and  
f o l d i n g  p r o d u c e d  t h e  h i g h l a n d s  r e q u i r e d  f o r  e r o s i o n ,  t r a n s p o r t a t i o n ,  and  
d e p o s i t i o n  o f  t h e  B e a v e r h e a d  F o r m a t i o n .  The a b i l i t y  o f  t h e  m ore  r i g i d ,  
c r y s t a l l i n e  b a s e m e n t  t o  t r a n s m i t  s t r e s s  w o u ld  r e s u l t  i n  b a s e m e n t  a r c h i n g
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Figure 11. C a lcu la ted  p r i n c i p l e  s t r e s s  d i r e c t i o n s  w ith in  a th r u s t  
s h e e t  deformed a t  a ramp. The len g th s  o f  the  bars in d ic a t e  the  
r e l a t i v e  magnitudes o f  the  s t r e s s e s  ( a f t e r  W iltschko,  1979a).
Figure 12. P o ten t ia l  f a u l t  o r i e n t a t i o n s  p r e d ic te d  from p r in c ip l e
s t r e s s e s  shown in Figure 11.  S t i p p l i n g  denotes  areas o f  t en s ion a l  
s t r e s s  ( a f t e r  W iltsch ko ,  1979a) .
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listric normal fault 
backthrust \ ramp anticline primary thrust
ramp
Figure 13. Schematic c r o s s - s e c t i o n  o f  a ramp and examples o f  r e la t e d  
s t r u c t u r e s .
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e x t e n d i n g  f o r  some d i s t a n c e  a h e a d  o f  t h e  t h r u s t i n g ,  p r o v i d i n g  u p l i f t e d  
a r e a s  a h e a d  o f  t h e  t h r u s t i n g  a s  w e l l  a s  b e h i n d  i t .
T h i s  m o d e l  s u g g e s t s  t h a t  t h e  S m a l l  Horn  t h r u s t  r e p r e s e n t s  
b a c k t h r u s t i n g  p r o d u c e d  by  r a m p i n g  a l o n g  a  d e e p e r  e a s t w a r d - d i r e c t e d  
t h r u s t ,  a n d  t h a t  i t s  a s s o c i a t e d  l i s t r i c  n o r m a l  f a u l t  r e s u l t e d  f r o m  
movement o n  t h e  same r a m p .  T h i s  same r a m p - r e l a t e d  s t r e s s  s y s t e m  c a u s e d  
t h e  w e s t w a r d - v e r g i n g  f o l d i n g  o f  t h e  p r e - B e a v e r h e a d  F o r m a t i o n  r o c k s .  The 
e a s t w a r d - v e r g i n g  f o l d s  o f  t h e  B e a v e r h e a d  F o r m a t i o n  c o u l d  h a v e  r e s u l t e d  
f r o m  e i t h e r  c o n t i n u e d  movement p a s t  t h e  ramp a l o n g  t h e  same 
e a s t w a r d - d i r e c t e d  t h r u s t  o r  e a s t w a r d - d i r e c t e d  m o t i o n  a l o n g  a  y o u n g e r  
t h r u s t  p r o p a g a t i n g  e a s t w a r d ,  c a r r y i n g  t h e  e a r l i e r  t h r u s t ,  b a c k t h r u s t ,  
and  a s s o c i a t e d  f o l d s  a l o n g  w i t h i n  t h e  new t h r u s t  s h e e t .
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CHAPTER V I I  
DISCUSSION
The m o d e l s  p r e s e n t e d  h e r e  r e l y  on  t h e  p r e m i s e  t h a t  t h e  t e c t o n i c  
e v e n t s  o b s e r v e d  i n  t h e  s t r u c t u r e s  o f  t h e  S m a l l  Horn  Canyon a r e a  fo r m  a
s u b s e t  o f  t h e  t e c t o n i c  e v e n t s  o b s e r v e d  i n  t h e  r e g i o n .  Any d e v i a t i o n
f r o m  t h e  r e g i o n a l  p a t t e r n  r e q u i r e s  some a d d i t i o n a l  c o m p l e x i t y  w i t h i n  t h e  
s y s t e m  s i n c e  t h e  a r e a  r e m a i n s  a  p a r t  o f  t h e  r e g i o n  and  a f f e c t e d  by  t h e  
same r e g i o n a l  s t r e s s e s .  The e x i s t e n c e  o f  r e g i o n a l  p a t t e r n s  d e m o n s t r a t e s  
t h a t  l o c a l  a n o m a l i e s  do  n o t  e f f e c t i v e l y  d i s r u p t  t h e s e  r e g i o n a l  s y s t e m s .  
I t  s eem s  u n l i k e l y ,  t h e n ,  t h a t  a n y  b u t  t h e  v e r y  s m a l l e s t  s a m p l i n g  o f
s t r u c t u r e s  w o u ld  show o n l y  a n  a n o m a l o u s  p a t t e r n .  T h e r e f o r e ,  t h e  
s t r u c t u r e s  o b s e r v e d  i n  t h e  S m a l l  Horn  Canyon a r e a  p r o b a b l y  do n o t  make 
up  a n  a n o m a l o u s  s u b s e t ,  b u t  r e f l e c t  t h e  r e g i o n a l  p a t t e r n .  C o n s e q u e n t l y ,  
I  e x p e c t  t h a t  s i m i l a r  s t r u c t u r e s  e x i s t  e l s e w h e r e  i n  t h i s  r e g i o n ,  b u t
r e m a i n  u n r e c o g n i z e d  i n  p a r t  d u e  t o  l a c k  o f  s u f f i c i e n t l y  d e t a i l e d  
s t r u c t u r a l  a n a l y s i s .
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APPENDIX A
This appendix in c lu d e s  PIDGRH.FOR and PIDGRM.CMD. The command 
f i l e  (PIDGRM.CMD) co n ta in s  i n s t r u c t i o n s  f o r  us ing  PIDGRM.FOR as wel l  
as c o n ta in in g  commands fo r  ex ec u t in g  th e  program.
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l t = C F I Ï  
G3 TO 20 33 
CD9ÎIHUE 
4 K I T E ( 5 , 2 1 )
P 3 S F A t ( ’ I n p u t  5 c o n t o u r  v a l u e s  I n  I n c r e a s i n g  v a l u e  
1 Ex ;  . 0 0 5  . 9 1 3  . 0 4  . 0 8  . 1 2 " )
R E » C ( 5 , 3 2 ) I > T , S T , f t , 4 I / E Î  
833(<4T(5r )
C34TINUE
C»LL P E9CE9( RT, ST, FT , »T , ZT)  
x ; i T E ( 5 , 3 5 )
F34F»T( "  To l a b e l  c o n t o u r  U n e s  1 2 3 4 5 -  t y p e  1.
1 To p l o t  u n l a h e l e< i  c o n t o u r s  * t y p e  2.  " , S)
R £ » t ( 5 ,  4 D I S I CN L  
I F d S I G K L . E a .  2 > H L t = . 2  
I F d S l G N L . £ 0 . 1 ) 9 1 1 1 = 3 . 0  
NKX=19 
499=19
*LEd=SESl“ E / 2 . 5 4




S t * S= 0 .
6T1KE=120
TILT=0.
Draw c i r c l e
ClLL P0L9C( XST8T, 9STRT, KLE4, 9LEN, 0D£G, ST1N, NTIV£, TI IT)
P l o t  s y m b o l s  a t  c e n t e r  o t  c i r c l e  and a t  n o r t h  p o i n t .
S ( 1 3 ) = 9 . 2
ClLL PSYH( XS: RI , 9STHT, 5)
99*9STPT*9LE9
ClLL PL0T(XSTRT, YY, 3)
ClLL PLOT(XSTRT, 9Y*0. 1 , 2 )
P l o t  d i e  name a b ov e  p l o t  an l e f t  s i d e  
XPT = XSTR: -  YLEN -  1 .
9PT = YSÎRT -  YL5N -  9 . 5
ClLL SYMBOLfXPT,YPT,C.2 , DEFILE, 0 , 1 9 )
C e n t e r  o f  p l o t  i s  a t  XSTRT, YSTRT 
. R t T E ( 5 , 5 0 )
F 3 8M l T ( l X " 0o  you wan t  l a t a  p l o t t e d ?  Y=yes N = n o ' , l X , S )
R£10C5,51)SW1Y
F D R P I T ( U )
l F ( S i ( l Y . £ Q . ' N " ) G O  TO 65 
I f fNWXY. EQ. ' n" ) CQ TO 65 
I F f R wl Y . E Q . • y " ) CO  TO 993 4 
I F f K W l Y . l t . " Y ' l G O  TO 49 
CDRTINUE
P l o t  s y m b o l s  u s i n g  e q u a l  a r e a  p r o j e c t i o n .
S i z e  o f  s y mb o l s  = 9 . 9 5  I n c h e s  
S C 1 3 ) = . 0 5
0 U P  = S E S 1 > « S / ( 2 . * S I S D ( 4 5 . ) )
DO 69 L=1,KN 
t H i T l = 9 ) . - T R E N 0 ( L )
DELT1=93. -PLUNG(L)
R10S = 2 * m i " * ( S I N D { D E L T l / 2 ) ) / 2 . 5 4  
Co n pu t  X and Y c o o r d i n a t e s  o f  s y m b o l ,  and c e n t e r  p r o j e c t i o n  a t  
XSTPT,YSTRT.
XX = HOS»COSD(t>lETl )»XSTRT 
Y9 = i<lDS*SIN0(IHETl )»YSTPT
24103 C P l o t  a s t e r i s k  ( c o d e  12)
24201 ClLL PSYd(XX,YY,12)
24303 400; F 3 4 P 1 T ( 1 X , 7 F I C . 3 )
24499 60 CO.VIIRUE
24503 65 C3N1IRUE
24603 x x = - i . a
24101 Y Y= Y S T R T - ( l . * ( 5 ES l WE / 2 . 5 4 ) )
24803 S I Z E = . l
24909 NTITL=4
25003 IHET1=0. 0
251C3 93 44 1 =1 , 5
25 209 XX:XX»l.C
253C9 t OUE R = P l : Z ( I )
254C9 : y i l =f l o i t ( I )
2550) c m  CNTOUR(NXX,NYY,TOURR,V1LL,CV1L)
25603 ClLL N U d B E R ( X X , Y Y , S n £ , R I I Z( r ) , T H £T l , NT I T L)
251(1 44 C34TINUE
25 800 ClLL PLOTfO.0 , 0 . 0 , 9 9 9 )
259C3 CD TÛ 1090
26( 00 111 C341I4UE
26103 »f i I TE<5, 222)





26101 SOBrOUTI l t  CONYR(XTERW)
26803 CDWPON/TOlLL/TREhO( 5 0 0 ) , PLUS: ( 5 3 0 ),KR
26 90 3 OldEKSlCN D £ G ( 5 3 C ) , W E ( 5 0 0 ) , 9 I P ( 5 0 0 ) ,
21(03 1 £W(5C3)
211C0 03 lOCO 1=1 , 500
21203 409 F 3 R M 1 T ( F , 1 1 , F , U )




21109 K\ = I - 1
21803 03  6 0 0 1 = 1 , KN
21900 I F ( « £ ( I ) . N f . " N " )  GO TO 20
28009 1 F ( E , ( I ) . E ) .  "'4")G0 TO 19
28103 T P £ S 0 ( l ) = 2 i : .
28203 GO TO 10)
28309 10 CONTINUE
28403 r R - N 0 ( I ) = 9 3 .
28503 CD TO 109
28600 2 : CONTINUE
28109 I F ( r E C ( I ) . U E . 9 9 . ) C 0  TO 40
28509 I F ( E . ( I ) . E I | .  "N")GO TO 33
28903 TREND(I)=5. 3
29003 GO TO 100
29100 30 CONTINUE
29203 t R 5 MD ( I ) = l 8 3 .
29309 GD TO 100
29409 40 CONTINUE
29500 I F ( W t ( I ) . N E . ' X " ) C O  TO 50
29600 I F ( E W ( I ) . E O . ' E " ) C O  T060
29199 T R £ NO( I ) =9 0 . -D£ C( I )
29603 GO TO 100
29909 50 CONTINUE


























301 oc TRSN0(l)»27C.*080(1) 361*0 4* CONTINUE
30300 03 TO 100 362*3 PLUNOd ) = )* .* -PLUNG(I)
30300 60 CONTISUE 36309 46 CONTINUE
31400 t8i*iO(I)sl8C. * (90 . -080 (0 ) 36403 RETURN
3050) 03 TO 100 36'C? 25 CONTINUE
30 600 70 C39TISU8 36630 NTÎfN=l
30000 ÎSÎN[)(1)=DEC(I)*9C. 36-';? RETURN
30600 100 C05TIVU8 368*0 ESO
30900 PLUNC(0=9C.-018 (0 36905
31000 600 C3STI‘iU£ 37CC?
31100 03 69 JC=1,KS 371CC SUBROUTINE PHENO(NTESM)
31300 69 C3NTISUÎ 37 230 C Subroutine PHEnD reals the data ( l i e  Into TREND and PLUNC arrays.
31305 85TUR9 37305 C3NFCN/TDl'wL/TREND(5O9),PLUNO(530),KN
31400 25 C3NT1SUÏ 37400 00 601=1,50*
315*0 STîRMîl 375*0 20 F3SP»T(2F)
31600 RETURN 3760" RE*0(17,2S,END=4C,ERP=25)TRENO(I),PLUNO(I)
31700 END 377C0 60 CONTINUE
31805 37900 40 CONTINUE
31905 37900 NIERvsO
33000 SU8R0UTINE 1ZTEC(NT8RM) 3800) KN=1-1
32109 COMRO9/TQtU/ÎPENO(500 ),PLUSC(50C),K9 38100 RETURN
32200 DIMENSION nîtONISO:) 38300 25 CONTINUE
32300 03 222J=I,50C 3830? KN=1-1
32400 89 F3R«»T(2f,H) 3843? NTE*M=1
33500 aE»C(17,99,ENO=120,EKS=35)TREND(J),PLUSO(J) ,ORION(J) 38'C? RETURN
32600 322 CONTINUE 386*? END
32700 120 continue 387C?
32800 »t£RM=i? 38805
32900 RS=J-1 389C9 SUdRDUTINE TERN(KU,KG,R4F,8ELL)
33909 30 461=1,KN 39? C 9 C3M>‘DN/*RR*/K{l9,19),y(l9,19)
33105 IF(TREND(O.LI.36C..»NO. TREND (O.GE.27C.)CD TO 107 39100 R1F=X(KU,K0)
33300 IE(TRENO(O.LT.37C..1NO.TREN3(I).OE.18?.)03 TO ice 3930? 3ELL=Y(FU,KC)
33300 tF(TRENO(n.LT.lSO..*NO.TR£ND(O.GS.90. )00 TO 109 393?r RETURN
3340? lF(0R10N(O.EQ.'E")00 T3 12 3940? END
33500 54 CONTINUE 3950?
33600 TSEMi(0=TRE>iC(0*9C. 39 6 0
33700 03 TO 40 39700 SUBROUTINE CHECK
33800 12 CONTINUE 39800 C Subroutine CHECK computes the (X,Y) coordinates o( a l l  the grId
33903 TSE.nD(I)*36C.-(93.-TREND(0) 39903 C points which are Intersections o( ten degree l ines  of longitude
3400? 00 TO 42 4000? c md lat itude,  and the concentration o( data points within ten
34100 107 CONTINUE 40109 C degrees great c irc le  distance fro* each grid point.  CHECK also
34305 tF(UPI3N{l).E3.'E')G0 TO 22 4025? C c a l l s  subroutine CDUNT In computing each grid point.
3430? IF(0RIJN(I).E1.'N')GO TO 27 4030? DIMENSION R(10:19,10!19),GRID(19,’ 9)
34400 IF(0SI0N(O.£3. '5')TRENO(0 = 0.0 40409 OImESSITI 01)RK(10:19,19:19),S9NC(10:19,1C:19)
34503 IFIORIONII). ED.'NOTPEND( 0 -1=0 .  C 4050? CaNPnN/niLL/TPEN0(50*),?LUNT(53C),KN
34603 33 TQ 40 4060? Ol'EhStOfi rr9£N0(19,19),PPLUN'.(:9,19)
34703 22 CONTINUE 407C0 C0NH0N/IPR1/K(19,19),Y(19,19)
34803 TPENDCI)=TRE«D(0-9i. 4080? C3NMON/OOJF/'P(19,19),SES*V£
34905 00 TO 4C 4090? c From here until  the next comment statement, the (X,Y) coordinates
350*0 108 CONTINUE 4100: c of the grId points for the northwest guadrant are computed
35103 IF(C«10S( O.EO.'f.OCO TO 54 411C9 .RIIE(5,3)
35303 03 TO 22 4120? 3 FDR”*T(' Input the desir'd RIDIUS of the projection - in
353*5 109 CONTINUE 413:0 1 CENTIMETERS 'S >
3540? IFCÜPnNd ) .£' ) . 'f.')OÜ TO 54 414C? REl[(5,4)SESiME
35503 lF(06lijN(O.E). '4')G0 TO 22 41509 4 FJ5"»I(1F)
35603 lf (9RUN(I ) . i  J. ’SOr?ENO(I) = 5.C 416C" *L*i=-io.;
357 00 IE(U.n1J-.(0.-'D.*N')IRE.ND( 0=193.0 4170? D3 iC0J=lC,19
35903 00 T'O 40 4190) JL3NG=-1C.
3590? 37 CONTINUE 4190? JL1T = 3HT*1..
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S.  J PIOGRM.CMO — PI Diagram P l o t t i n g  and Contouring Command Pi l e
5  •
-Q } c r e a t e d  by Jon I c hu f f  — Nov 1, 198C ( Al l r e d  Wegener ' s IDOth b i r t h d a y ,  had he l ive d pas t  fC)
CD 1
3  > Hopetul ly ,  now t h a t  you've  found t h i s  f i l e ,  you wi l l  have no f u r t h e r  problems running t h i s  program.
~  ; I f  you've never  used EDIT b e f o r e ,  l i b e r a l  use of the  DEC-20 Us e r ' s  Guides wi l l  help wi th your da ta  f i l e s .
(/) >






™ TER width 135 I Allows the t er mi nal  to type up to  135 c h a r a c t e r s  a cr os s  the  page,
g  TER NO RAISE I lower  case .
73 EX PIOGRM.FQ®,<C£Ol.UIB'}>GRAFYY.REL/S£A I Executes t he s e  programs,  loading only r e g u t re d  s u b ro u t i n es .
I 0/U/A I P r i n t s  c o n te n t s  o f  queues for  jobs  In t h i s  area .
(O' DAY I P r i n t s  date  and t ime.
S };                     .
}
; I f  t h i s  I s  not  p r i n t i n g  the f u l l  width of the  paper ,  type 2 CTRL C ' s ,  then TER WIDTH 135 and s t a r t  again
;    —     —    -------
m  J PIDGRM.CMD uses  PIDGRM.FOR and <CcOL.Lt0Q>GRlPYY.?£L to produce PI diagrams p l o t t e d  by the CALCOHP p l o t t e r  to conform
c  } wi th  a Schmidt Equal Area Net .
^  t
C D  ; TO USE THIS PROGRAM!
; 1.  Use CREATE and EDIT commands to c r e a t e  a data  f i l e  ( f l l e . n a a ) .








} Quadrant Atlmuth Trend w plunge
f a A T
; 32 : :5 w 32 25 w 302 25
> 46 K 36 E 314 36 E 44 36
} 68 £ 15 £ 60 15 £ 150 IS
1 78 W 90 W 282 93 W 192 9C
} 9J E 21 N 90 21 N 0 21
; 93 W 92 S 270 82 S 180 82
] 0 N 33 Î 0 39 E 90 38
Û. ; The a# à oc T In  t he  f i r s t  l i n e  of  t he  f i l e  i n d i c a t e s  t he  formal of the da ta  in the f i l e ,
} Note t h a t  the  da ta  f l i e s  c o n ta i n  only one da ta  b i t  per  l i ne  and have t he  Line numbers removed*
^  ;  Also note t h a t  in j uadr an t  format only I  and w wi l l  work f or  s t r i k e  d i r e c t i o n s  un l es s  s t r i k i n g  due north*
I ;
7 3  ; 2.  Then use t h i s  command f i l e  to  run  the program.
CD ;  The command f i l e  s e t s  t er mi nal  modes, d e f in e s  Input  de vi ces ,  execu tes  the  program and l i s t s  the s t a t u s  of the
3  > P l o t  In the p l o t t e r  queue.  — Type:
—  ■ }
M ) TAKE PIDGR-
o '  ; the computer w i l l  r eply ;
P }
; LINK: Loading
; CLNKXCt PIOGRM execut ion]
} Type name of data  f i l e
; Type In the name o t  the da ta  f i l e  and r e t u r n .  The computer wi l l  r ep ly :
)
; Input  the  de s i red  RADIUS of the  p r o j e c t i o n  -  In CENTIMETERS
; The s tandar d Schmidt net  measures 29 cm i n  diameter  so you probably want a r a d i u s  of 1C.













Would you l i k e  g r i d  va lu es?  Y*yes N*no 
I t  you type V, tne computer wi l l  p r i n t  out ;
• X X X X  . XXXX , XXKX , X X X X  . XXKX , XXXX . XXXX . XXXX « X XX X .xxxx *xxxx .xxxx
•xxxx »%xxx•xxxx .xxxx .xxxx .xxxx .xxxx
•xxxx . xxxx .xxxx .xxxx .X
.xxxx . xxxx .xxxx .xxxx «X Grid va lues  =
•xxxx .xxxx .xxxx .xxxx .X
•xxxx .xxxx . xxxx .xxxx .xxxx .xxxx .xxxx
•xxxx . xxxx .xxxx .xxxx xxxx .xxxx .xxxx
xxxx .xxxx .xxxx 
•xxxx . xxxx .xxxx .xxxx .xxxx .xxxx xxxx .xxxx 
No. o t  p o i n t s  wi th in  10 degrees  of  g r id  p oi nt
t o t a l  number of p o i n t s  
•xxxx .xxxx .xxxx .xxxx .xxxx xxxx .xxxx .xxxx 
.xxxx .xxxx xxxx .xxxx .xxxx .xxxx «xxxx .xxxx
• XXXX • xxxx • xxxx . xxxx
• xxxx . xxxx • xxxx .xxxx
• xxxx • XXXX • xxxx xxxx
• xxxx • xxxx • xxxx • xxxx
• xxxx • xxxx • XXKX • xxxx
• xxxx • xxxx • xxxx • xxxx
• xxxx • xxxx • xxxx • xxxx
I t  you type N, the computer wi l l  sk ip  p r i n t i n g  the g r id  va lues  and pick up p r i n t i n g  he re :
CD
8
Minimus and maximum va lu e s :  . xxxxx . xxxxx 
would you l i ke  help choosing contour  va lu es?  Ysyes N=no 
I f  you type N and r e t u r n ,  the  computer w i l l  sk i p the  fol lowing subprogram.
I f  you type Y and r e t u r n ,  the  computer w i l l  r ep ly :
* This  c a l c u l a t e s  3 c on tour s  evenly spaced between t r i a l  low and high v a l ue s .
* Input  low and high t r i a l  va lu es ;









Contour s i mula t ion
? U This  c on tour s  xxx.xx % of  t he  minimum to maximum range»
; B contour  va lu es ;  . xxxx .xxxx .xxxx . xxxx .xxxx
;  p  x x x x x x x x x x x x x x x x x x x
J R x x x x x x x x x x x x x x x x x x x
; 0 x x x x  contoured i n t e r v a l s  X X X X
;  C x x x x  1 9 x 19 x x x x  .  .  .
} R x x x x  (same as g r i d  mat r i x)  X X X X
; I  X X X X X X X X X X X X X X X X X X X
;  M x x x x x x x x x x x x x x x x x x x
) * Try again? y=yes N=no
; • To r ep ea t  t h i s  subprogram,  type Y and r e t u r n .
J * To co nt inu e  wi th the r e s t  of the program,  type H and r e t u r n .  The computer wi l l  r ep ly :
J
J To use t hes e  t r i a l  contour  va lu es ,  type t .  To Input  va lues  manual ly ,  type u.
; I f  you type T, the computer wi l l  sk i p t he  next  s t a te men t ,  o t her wise  i t  w i l l  r e p l y :
< contour  1 
>= contour  1 
contour  2 
>» contour  3 
>- contour  A 





Input  5 contour  va lues  In I nc re as i ng  value Ex: ,00$ .013 .04 .08 .12 
Type in 5 c on tour  values  wi th one space  between each va lue  and r e t u r n .  — I f  you d o n ' t  want c o n to ur s ,  type in 
va lue s  l a r g e r  than the maximum g r i d  value ( l i k e  1 , 1 , 1 , 1 , 1 )  — The computer wi l l  r ep ly :
To l abe l  contour  l i n e s  1 2  3 4 5 -  type 1. To p l o t  unl ahe l ed  contours  
Type In your choice  and r e t u r n .  The computer wi l l  r e p ly :
type 2.
Do you want da ta  p l o t t e d ?  Y*yes N=no 




CPU TINE: x.xx EUPSE TINE: x;xx.  XX 
EXIT
(/)(/) P l o t t e r  Queue:Job Name RegX Limit User
PIDJRM. XXX 2 xxxx.XXXXX
There are x Jobs in the Queue (x In Progress )
ySeq:xxxx
—date  L t lme --  
:nd of PIDGRM.CMD.X
This completes  the program. The l a s t  sequence number l i s t e d  i n  the P l o t t e r  Queue Is  the  number for t h i s  run.
I f  for  some reason you d o n ' t  want the p l o t ,  you can cancel  I t  by t yping:
C»N PL3T PIDCRP/SEQ:xxxx (where xxxx = the  sequence number f or  the p l o t  to  be c anc el l ed )




Keenmon (1950)  reported  measuring the s e c t io n  which appears below 
on the  l e f t ,  l o c a t i n g  i t  in the  w est  c en ter  port ion o f  Sec t ion  2 3 ,  T9S, 
R9W. His d e s c r i p t i o n ,  however, does no t  match the  poor outcrop in that  
a r e a ,  but  does match the rare and e x c e l l e n t  outcrop in the  draw in S E h  
S e c t io n  22. The s e c t i o n  measured in t h i s  study appears below on the  
r i g h t ,  in c lu d in g  the  c o rr ec ted  u n i t  boundaries .
Keenmon and P ip e r ,  August 3 0 ,  1948 Achuff ( t h i s  s t u d y ) ,  July  8 ,  1980
P a r tia lly  covered, probably red, pink and 
tan shales, or si Its tones, contains 
"gastro liths" of varicolored Beltian  
q u artz !te pebbles.
Basal sandstone member of the Kootenai 
Formation outcropping In term itten tly  
through cover of lower conglomerate 
u n it of the Beaverhead Formation.
I
Covered.S ilts to n e , tan , thin-bedded.
Shale, red and gray, thin-bedded with 
interbedded tan s ilts to n e .
S ilts to n e , tan thin-bedded, res is tan t.
Shale, sandy, red and gray, thinbedded.
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s ilts to n e , tan.
Shale, gray, tan and red.
S ilts to n e , tan.
Shale, greenish-gray.
S ilts to n e , calcareous, tan , thin-bedded. 
Shale, red at base, gray a t top.
Shale, greenish-gray.
Shale and s ilts to n e , shale Is b u ff, but 
near center o f unit I t  Is greenish-gray 
and has th in beds o f tan s ilts to n e .
Shale, buff.
Limestone, brown, massive.
S ilts to n e , calcareous, w ith th in  res is tan t 
s i l ty  limestone beds.
a
Interbedded green, o liv e , tan and brown 
sandstone, s ilts to n e , shale, and mudstone
B u ff, calcareous sandstone and s ilts to ne .
Red and green mudstone, shale and 
siIts to n e .
F ine-gra in , buff sandstone and silts tone  
with mudcracks and ripple marks.
Interbedded red and green shales.
Buff-tan carbonate sandstone and silts tone  
with dark brown flecks.
Interbedded red and green shales and 
mudstones with occasional green s i l t  and 
sand layers.
Thin-bedded green shale and s ilts to ne with 
reddish bedding planes and occasional 
sandstone beds.
Green shale with occasional thin red beds. 
S lig h tly  micaceous red shale.




Interbedded red and green shales and 
mudstones.
Red shales and mudstones with occasional 
green beds.
Green shale, mostly covered by flo a t 
of carbonate sand, limestone, and 
siIts to n e .
Limestone, s i l t y ,  reddish-brown
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